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RATHKE-POUCH TUMOURS! 


NORTHFIELD 


RATHKE’S pouch can first identified when the human embryo 
2-3 mm. long, about the third week, pit the roof the stomo- 
This pit lies immediately oral the buccopharyngeal membrane 
which this stage separates the mouth cavity from the fore-gut. Shortly 
afterwards (4-5 mm.) depression—destined the infundibular recess 
—appears the floor the fore-brain. Both neural and buccal bulges 
rapidly deepen and are contact when the embryo 10-12 mm. length. 
The narrow neck connecting the fundus Rathke’s pouch with the roof 
the mouth cavity normally becomes obliterated when the embryo 
some mm. long, about the seventh eighth week. this stage 
what has been pouch now sac, cupped invaginated receive 
the much deepened neural infundibular process (fig. 1). each side 
the pouch lateral bulge process has already appeared (14 mm.) 
and these lateral processes spread upwards and apply themselves the 
neural stalk and the base its attachment the brain, the future tuber 
cinereum. This portion ectoderm forms the pars tuberalis the hypo- 
physis, and its development from lateral processes Rathke’s pouch 
occurs many vertebrates that Harris (1955) suggests must possess 
functional significance and that concerned with the formation the 
highly specialized hypophyseal portal circulation. The pouch sac 
maintains simple epithelial structure until about the eighth week, but 
thereafter the cells proliferate and invasion vascular mesenchyme 
takes place. the tumours under consideration indeed arise from ecto- 
dermal remnants, clear that the cells origin acquire intimate contact 
with neural elements very early stage development the embryo. 
This probably accounts for the manner which many these tumours 
appear blend with the tuber, form intrinsic portion that 
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Fic. 1.—The embryological development the pituitary gland the rabbit. 
(a) 12th day, 60; 15th day, 60; (c) 16th day, 60; (d) 18th day, 38; 
(e) 24th day, life, 33. ant. 1., anterior lobe; b.w., brain wall; cort., 
cortical plate; lateral lobe; nc., notochord; neural lobe; p.t., pars tuberalis; 
r., remains stalk Rathke’s pouch below sphenoid; Seesel’s pouch; sphen., 
portion cartilage sphenoid; st., stalk Rathke’s pouch. (From Atwell, 
(1918) Amer. Anat., 24, 271.) 


structure, even replace it. patient aged years who died 
glioma pontis, small Rathke-pouch tumour was found occupying the 
tuber cinereum; was apparently clinically silent, though tell-tale 
calcification seen the X-ray film had confused the diagnosis (fig. 


294 
(6) 
al. 
st. 
sphen 


295 


RATHKE-POUCH TUMOURS 


Plate XXXIII). Such tumours may later grow large completely fill 
the third ventricle, and disorganize surrounding structures. Less com- 
monly, tumours arise below the tuber attached lightly extensively the 
pituitary stalk, within the sella turcica where they compress the gland. 
The tumour usually cystic, and the cysts may much larger than the 
solid mass; they have epidermoid lining and contain yellowish liquid 
rich cholesterol crystals. The solid portion made islands 
epithelium, set loose dense stroma, the peripheral cells basal 
type, the more central ones prickle-cells (fig. 3); the general arrangement 
resembles the adamantinoma found the jaws, and thought arise from 
remnants the epithelial enamel-organ. But Willis (1948) and Sprawson 
(1937) regard both tumours epidermoid carcinoma. 


the periphery the tumour may seen out-lying and isolated 
islands epithelium, which give rise intense gliosis. Thus the naked- 
eye appearance well-defined demarcation from the surrounding brain 
not supported the histological findings, and this doubtless accounts 
for the very high mortality which accompanies surgical removal from 
the third ventricle. Calcification and even bone formation common 
occurrence within the tumour. 

might anticipated that remnants the obliterated stalk Rathke’s 
pouch would give rise tumours the basisphenoid. There appears 
record such but the following case the spontaneous develop- 
ment intracranial aerocele may explained tumour this 
situation; confirmation has never been obtained. 


B., female, aged 54, 21675/37. Married twice, children, youngest years age. 
For twenty-seven years, headaches and vomiting; for several years visual hallucina- 
tions and attacks unconsciousness. Operation for nasal polypi some years ago. 
Six months failing vision; five months ago fall, and since then occasional epistaxis 
when she blows her nose, which causes violent pain her head. 


Examination.—Obese, scanty hair, relative anosmia; primary optic atrophy and 
left homonymous hemianopia. X-rays skull—erosion sella and body sphenoid, 
aerocele (fig. 4). Four years later condition unchanged. 


The present review (Table comprises all patients with Rathke-pouch 
tumours who have been admitted the London Hospital since the 
beginning 1934 when the author became house-surgeon the late 
Sir Hugh Cairns. With few exceptions, the author has seen all the patients, 
though not all have been under his care, and some patients have been 
personally observed for periods over twenty years. The series comprises 
cases, which were males and females. The ages the patients 
when first seen cover wide range; the youngest was years age and 
the eldest 56. The distribution decades set out Table There 
are survivors; are known dead; cannot traced but from 
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TABLE ANALYSIS 


cases Rathke-pouch tumour: males—26; females—23. 
Ages when first seen, from years. 

Age incidence: years 

over 


10—20 years 


Patients known have died, 
recent observations 10; but probably dead, 


Operations patients with deaths 
survivors; known have died later, 


knowledge the state health when last seen likely that all are 
dead except thus probable that only one-quarter are alive. 


Operations one kind another have been carried out patients, 
with deaths. the immediate survivors, are known have died 
later—in all probability from the effects the tumour—and the outcome 
uncertain who cannot traced; are known alive. few 
these operations have been carried out elsewhere than the London 
Hospital, the patients having attended the London Hospital before 
after the operation, for one reason another; they have been included 
this series because they have added one’s clinical experience. For 
instance, one patient had most successful operation the skilled hands 
Professor Dott; another was operated Sir Hugh Cairns before 
1934, and one was operated upon later Mr. Pennybacker Oxford. 
indebted both Professor Dott and Mr. Pennybacker for information 
about them and for permission use their records. 


Although the clinical picture may vary considerably, the great bulk 
the patients were forced seek medical advice because symptoms 
raised intracranial pressure because interference with vision 
(Table Headache and vomiting were the presenting complaint 
23, and failure mistiness vision 22, diplopia dementia 
and attacks epilepsy The endocrine disturbances which were 
often obvious the skilled observer, occurred slowly that the patient 
(or relative) often did not notice them did not appreciate their signifi- 
cance. Examination revealed and primary optic atrophy 
19; defects the visual fields indicating chiasmal compression were 


RATHKE-POUCH TUMOURS 


TABLE 
Presenting symptoms: 
Headache and vomiting 
Impairment vision 
Diplopia ... 
Severe dementia ... 
Epilepsy 
Symptoms and signs: 

Endocrine disturbance ... 
Defect visual fields 
Optic 
Primary optic atrophy ... 
Mental impairment (including dementia) 
Hallucinations 

Visual 

Olfactory 

Gustatory 
Epilepsy ... 
Shivering 
Emotional instability 

‘Falling attacks” 


found and another patients visual failure was advanced 
render them virtually blind. Mental deterioration some patients 
was severe that examination the visual fields was impracticable. 
noteworthy that only cases the whole series have the optic 
pathways been clinically normal, there being neither nor 


field defect, and the visual acuity was normal. 


B.-T., female, aged 21, N/S 4684. Complains only occasional mild headache, 
giddiness and diplopia—the latter due abducens paresis. She well-propor- 
tioned dwarf (height ft. in., weight st. who has never menstruated and shows 
secondary sexual characteristics. X-rays—characteristic calcification above the 
sella turcica, the dorsum being eroded. Governess. operation: under observation 
for nine years. 

H., aged 27, female, 37415/50. Occasional headache with giddiness. One transient 
attack weakness and right side. Menses normal. Married six years, 
children (uses contraceptives). visual disturbances other relevant symptoms. 

Examination.—Plump, normal development, weight st. height ft. in. 
B.P. 110/75. Visual acuity right and left 6/5, fields full, discs slightly pale. Supra- 
sellar calcification. Sugar tolerance curve and 17-ketosteroid excretion, normal. 
Under observation six years—no special treatment. 

H., male, aged 29, 22350/56. Moderately severe headaches and occasional vomit- 
ing for three years. Normal stature (height ft. in., weight st. but sexually 
underdeveloped (fig. shaves, scanty pubic and axillary hair, sallow com- 
plexion with facial creases; small face, big skull (circumference cm.), long hands, 
thin fingers. visual fields and acuity normal. X-rays—enlarged sella, calcification, 
epiphyses open; air-encephalogram showed filling defect chiasmal cistern. Kepler’s 
index 17-ketosteroid excretion 2-8 mg. twenty-four hours. Operation (1.8.56) 
removal intrasellar cystic and solid tumour, lightly adherent hypophyseal stalk. 
Marked post-operative diabetes insipidus. 
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not proposed comment all the symptoms and signs recorded, 
but those that are particular interest the study tumours this 
situation. 


Hallucinations occurred patients. these were visual; they 
were unformed comprising irregular flashes light sometimes coloured, 
and bore relation the pattern the accompanying visual defect. 
One these patients had addition another type visual hallucination 
—when her headache was severe she saw horrible things gargoyles.” 
The other patients also had highly organized hallucinations persons; 
one thought they were girls laughing him, and the other said was 
“like cricket These are reminiscent peduncular hallucinosis. 
The tumour one was tuberal and within the third ventricle, that the 
other sub-tuberal. 


Olfactory hallucinations occurred patients; one has just been men- 
tioned above seeing persons cricket match, the other had very 
extensive third ventricle tumour. 

Two patients had gustatory hallucinations—the tumour was tuberal 
the one, and sub-tuberal the other. 


Dementia was the presenting symptom one patient, but examination 
has revealed mental impairment 14; has varied degree from dullness 
severe dementia. some those patients who have been under 
observation for many years, the eventual gradual deterioration intellect 
with preservation good vision and physique has been sad and dis- 
appointing experience. Obstructive hydrocephalus well-known cause 
dementia adults, and must partly responsible these cases, 
but the size the tumour and its extension into the frontal lobes also 
operates some. Hypothyroidism factor which should borne 
mind, and substitution therapy has noticeably brightened the behaviour 
few patients. 


Epilepsy developed spontaneously patients result the tumour; 
number others followed operation and consequently post-opera- 
tive gliosis might have been causative. The fits were mostly generalized 
character, and did not resemble attacks diencephalic rage. Attacks 
cases; such attacks might have been expected occur more frequently, 
the light one’s experiences with other third ventricle tumours, and 
with cases obstructive hydrocephalus due other causes. The depressed 
altered states consciousness described hypersomnia and akinetic 
mutism, due exclusively some local effect the tumour and unrelated 
acute hydrocephalus endocrine failure, have not been encountered. 
Attacks were recorded cases. Emotional lability 
occurred patients; this revealed itself undue readiness 
laugh, and patient was liable outbursts bad temper. 
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FAILURE ENDOCRINE FUNCTIONS 


The disturbances endocrine function which are liable result 
from Rathke-pouch tumours have always been outstanding interest; 
but they have acquired particular importance view the increase 
our more precise knowledge the activities the pituitary gland, and 
its functional connexions with the hypothalamus. Table III set 


TABLE DISTURBANCE PATIENTS 


Hypogonadism 24: 
Onsét before puberty 11; about years age 
severe cases hypogonadism, growth defect also present: 
Stunting Growth 18: 
severe and moderate cases impaired growth, hypo- 
Diabetes Insipidus: 
Spontaneous 13. 
Post-operative 
Obesity 
Hypothyroidism 
Low blood-pressure 15. 


out detailed analysis this aspect these tumours. Clinical evidence 


endocrine disturbance was found was already well marked when 
the patient was first seen 22, and mild patients endocrine 
failure became apparent while they were under observation. Disturbance 
sexual function occurred and growth 18, diabetes insipidus 
occurred spontaneously and following operation another and 
deposition fat sufficient considered excessive Hypothyroidism 
mild degree difficult recognize clinically these patients, and 
laboratory tests for its presence have only recently been employed 
routine. patients complained the cold,” and were noted 
slightly myxcedematous; others showed laboratory evidence defective 
thyroid secretion. The records this series unfortunately not allow 
accurate assessment thyroid function, omission which will well 
repay future rectification. 


Failure gonadotrophic activity before puberty shows itself lack 
secondary sexual development and when occurs the adult 
atrophy the sex organs with resultant loss libido. 
addition when the failure severe, there absence axillary and 
pubic hair, the skin smooth and pallid sallow; creasing the skin 
the face often gives the young person curiously mixed appearance 
youth and age. attempt was made along these lines assess degrees 


hypogonadism; were severely affected, moderately and 
slightly so. The patients with marked hypogonadism were ages— 
when first seen—from years 41, and the gonadotrophic failure 
must have been early because puberty never occurred. patients passed 
through period pubertal development, but failure occurred about 
the age years. One these (fig. now aged 30, and has been under 
continual observation since the age 11. married woman (H. 
51514/49), endocrine failure could accurately dated, for followed 
her only pregnancy eight years previously. The breasts did not secrete 
milk, and the menses—regular before the pregnancy—never returned, 
and she gradually lost her body hair; she subsequently developed the 
syndrome chiasmal compression. Diagnosis was confirmed post- 
mortem examination. This case importance reveals that the 
presence epithelial rest small mass which proliferates later, 
for many years remains quite harmless. other patients whom were 
men) were parents before their tumours became clinically active; there 
were examples third ventricle and subtuberal tumour. Another 
patient, girl years (G. 1368/46) was menstruating the time 
her second—and fatal—operation. The tumour filled the basal cisterns 
and the post-mortem appearances suggested had been adherent the 
tuber. male patient (L. 18198/53), now 33, under observation since the 
age when there was hemianopia one eye which has not increased 
and whom ventriculocisternostomy for the relief was 
carried out three years ago, has normally developed external genitalia but 
scanty beard and axillary hair and his voice has not broken. But has 
been married four years, and his wife now pregnant for the third time. 
X-rays reveal considerable erosion the sella turcica, and typical calcifica- 
tion. Hypogonadism not necessarily associated with similar degree 
stunted growth. the patients with severe sexual failure only 
was growth severely retarded, and moderately but all the other 
cases except one, growth appeared affected minor degree. 
case precocious sexual development has been encountered. 
Impaired growth may obvious, but frequently difficult judge 
owing wide variations height amongst the normal adult population. 
Comparison with relatives often necessary formulate judgment. 
Thus (13450/34), male aged years, had the fresh complexion 
boy 14, severe hypogonadism, and diabetes insipidus. His height 
was ft. in. but his father and three brothers were all ft. though his 
mother was about his height. Did the tumour cause any impairment 
skeletal growth? Radiography may help demonstrating delay 
closure the epiphyses, that even though the height may come within 
the normal range, proof provided interference with the normal 
processes. Judging fairly possible, interference with bone growth 
was present cases. This was severe that the patients were 
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Age- Years 


FEMALES 


Fic. 7.—Curves growth population U.K. showing mean (——) and ranges 
98-0 per cent and 99-8 per cent observations 
height patients Repeated observations the same patient 
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obviously stunted when first seen, became under observation; 
there was moderate though definite defect, and the remaining growth 
was considered slightly affected. attempt has been made 
display graphically (fig. disturbances growth which have been seen 
this series patients. There appears less growth disturbance 
amongst the female than amongst the male patients; whether this 
matter chance and would rectified larger series not apparent. 
Observing patients for long periods time has shown that slowing 
growth may late appearing, and single early observation may not 
reveal abnormality. has also been found that though the patient 
small, very slow growth may persist later age than the normal adult. 
the male maximum stature reached age and the female 
21. Further evidence the disorganization addition the impairment 
the growth processes provided the tendency for these patients 
have limbs long comparison the stem length, and long slender and 
tapering fingers. Presumably these changes may the result delay 
closure the epiphyses, and disordered growth these points. 
very detailed account the late Professor Turnbull the grossly ab- 
normal histological appearances found costal cartilage and rib, and 
across the unclosed epiphyseal plate the upper end the humerus 
found case Rathke-pouch tumour, reported Rowlands and 
Simpson (1941). This case—beautifully described great detail— 
exhibited practically every possible clinical abnormality. The photograph 
the patient (aged 43) standing alongside boy (aged 10) approximately 
similar height, reveals well the relative shortening the stem length 
(fig. 8). the graph (fig. this patient indicated the letter 
his height was ft. in. and his weight st. lb. Growth may continue 
after operation. cases where the removal the tumour was thought 
complete, one patient grew in. twelve years and the other in. 
sixteen years. both the tumour was subtuberal position. 

Earlier was shown that marked hypogonadism was not necessarily 
accompanied similar severity stunting growth, though growth 
was usually affected greater less degree. The degree hypo- 
gonadism has been examined the cases which there was marked 
moderate growth disturbance. there was maximal depression and 
moderate depression sexual activity. Such comparisons suggest 
that growth severely affected, gonadotrophic depression also likely 
occur; though the reverse not necessarily the case. The explanation 
may that for person remain very small, the interference with 
endocrine function must initiated early life; and not rapidly 
fatal, the tumour may reach such size before the age puberty 
cause more widespread endocrine failure. 

Obesity often regarded characteristic these patients, but this 
not this series. with expressions opinion concerning height, 
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often difficult decide whether the fatness patient can pass for 
normal not. rounding softening the contours the male body 
often seen hypogonadism; the patient may described plump 
rather than obese. This probably expression lack masculiniza- 
tion and can hardly accepted disorder fat deposition. Only 
patients could described excessively obese; these over the years 
lost weight and became average; lost weight considerably few months 
after operation; and became fat after had been thin boy. patients 
were regarded plump and thin, compared with the normal the 
remaining 23. all the obese patients, the tumour was either large enough 
implicate the tuber pressure, was intrinsically tuberal situation; 
patient with intrasellar tumour was obese. Amongst the other 
patients, plump, normal and thin, tumours varied size and situation. 

Diabetes insipidus has arisen spontaneously the course the illness 
patients, and was brought about operation another When 
occurs spontaneously its duration seems unpredictable; may last years 
and gradually subside, may recur from time time. one patient 
was present and off for eight years, and was terminated fatal 
operation. Post-operative diabetes insipidus tends subside within 
month so. One such patient has remained free for five years; another, 
spontaneous diabetes insipidus ceased some weeks after operation, 
and there seems have been recurrence during the fifteen years 
her survival. would interesting speculate the relationship 
between fluctuation amounts available anti-diuretic hormone, and 
anterior hypophyseal activity, and compare with experiences 
cases hypophysectomy and stalk section. all these cases, the admin- 
istration increasing amounts cortisone greatly aggravates the diuresis. 

feature Rathke-pouch tumours which receives little comment, 
the effect blood pressure. cases the blood pressure has been 
unusually low, fluctuating somewhat from time time but maintaining 
pressures the order 100/70 mm.Hg, low 85/50 mm.Hg. 
Hypotension this degree has been found all ages. The highest 
recorded blood pressure the series was 170/120 mm.Hg case shortly 
described (F. D.). constant relationship with the rest the 
clinical picture could determined, though the lowest pressures tended 
occur patients showing the more extensive clinical picture. Long- 
standing adrenal cortical failure may the cause, lowering the plasma 
sodium and chloride. marginally low figure for these electrolytes has 
often been found advanced cases, but hypotension was not necessarily 
present. Moreover, many the cases with hypotension were physically 
active and did not any other way clinically resemble Addison’s disease. 
impression that depression the blood pressure occurs more 
frequently cases Rathke-pouch tumours than cases pituitary 
adenoma with comparable degree endocrine failure. this correct, 


then the explanation may the direct involvement the hypothalamus. 
support this suggestion the common and usually fatal complication 
profound hypotension which often follows operation this region. 
Such severe hypotension rarely influenced adrenal cortical hormones 
and often resistant rapidly becomes resistant pressor drugs. 


Adrenal cortical failure difficult assess clinically, and reliance 
recent years has been based laboratory tests, such the value the 
blood electrolytes, Kepler’s index, urinary excretion 17-ketosteroids and 
hypoglycemic responsiveness. Formerly the only routine test was 
sugar tolerance curve. The tests any single patient were not necessarily 
all abnormal, abnormal the same degree. But the patients who showed 
clinical hypophyseal depression usually showed impaired response 
some all the tests. They provide valuable check clinical 
assessment, and the need for hormone therapy operation con- 
templated. 

Radiography essential aid the diagnosis and assessment these 
cases, and operation contemplated ventriculography encephalo- 
graphy necessary order decide upon the situation and the extent 
the lesion. This self-evident and little need said the subject. 
cases, tell-tale calcification was revealed the time the patient’s first 
examination, and one more case became apparent only during the 
course years. may occasionally difficult detect, particularly 
the sagittal projection. elderly patient with fluctuating dementia, 
faint calcification appeared the lateral view the characteristic 
position, but could not detected the sagittal view. Operation and 
further investigation was withheld and when she died some time 
necropsy revealed that the calcifying lesion was aneurysm middle 
cerebral artery. Calcification has been seen age early years, 
but the patient’s symptoms were not sufficiently severe demand operation 
until was nearly The mass may grow great size, cm. 
diameter one patient who has been under observation for twenty- 
four years and was still alive recently (Davies, 1952). Expansion the 
sella turcica, erosion its dorsum, other abnormality may accompany 
the calcification, may the only abnormality. cases there was 
neither calcification nor sella abnormality. children, hydrocephalus 
may cause separation the sutures. 


The following case particular interest because the difficulty 
arriving correct diagnosis, the alternatives being chiasmal com- 
pression and retrobulbar neuritis. 


H., aged 34, male, 1717/56: three weeks previously respiratory infection lasting 
seven ten days, and same time failing vision right eye, becoming rapidly worse 
course few days then stationary. Slight frontal headache worse right. Pre- 
viously healthy; single, with parents. 
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Examination.—Optic discs—? slight pallor, fields—bitemporal type defect with 
central scotoma (fig. 9A). V.A.L. 6/24. hand movements. B.P. 140/70. 
Height ft. in., weight st. normal healthy physique. 

X-rays skull normal. A.E.G.—filling defect cisterna chiasmaticus, displace- 


ment third ventricle (fig. 9B). 
cystic and solid mass, subtuberal position, adherent 


pituitary stalk (fig. 9c). 


TREATMENT 


The treatment cases Rathke-pouch tumour fraught with difficulty 
and disappointment degree probably not offered any other intra- 
cranial tumour with the exception the glioblastoma. own views 
have been steadily modified through the years, the light the 
which are shown Table IV. Probably other surgeons hold diametrically 
opposed views. Indeed Gordy, Peet and Kahn (1949) have stated that 
the earlier these tumours are attacked the more likely may one able 
remove them completely. This some extent may true, but even 
when first seen, the young patient may have tumour which already 
firmly embedded the tuber. Thus the children under years 
age, the tuber was found operation necropsy involved 
and more there was cystic mass the third ventricle though 
its precise relationship the tuber remains uncertain. only was the 
cystic tumour apparently subtuberal. none these has the tumour 
been eradicated and the patient survive. One seemed likely survive 
the removal subtuberal tumour, but died wound infection. One 
alive and well about eighteen months after ventriculo-cisternostomy. 
has also been stated that these patients are given corticotrophin 
cortisone, the operation carries much lower mortality (Ingraham 
1946, 1952; Tytus, Seltzer and Kahn, 1955). previously reported 
(Northfield, 1955) the post-mortem examination after operative attempts 
remove these tumours most cases reveals gross changes the 
hypothalamic region, adequate explain death without invoking acute 
endocrine failure. Post-mortem reports are available cases dying 
operation. only was the state the brain satisfactory 
lead one look elsewhere for the cause death; these was 
ascribed marked pulmonary collapse and the clinical course after the 
operation would well explained it; the other two, acute endocrine 
failure cannot excluded, but not thereby proven. the remaining 
cases, gross post-mortem abnormalities included amongst others, 
massive tumour, brain infarction the territory important 
vessels such the anterior cerebral arteries (fig. 10) and thrombosis 
the carotid artery. Hormone therapy has, course, proper part 
play during the period operation, and should certainly employed 
where investigation reveals the need, but there little evidence 
that can prevent control the disastrous reactions which may 
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rapidly result from operative trauma the hypothalamus. addition, 
cortisone and thyroid extract may give renewed physical and mental 
vigour those patients who have large and irremovable tumours but 
whom palliative operations have prevented earlier death. 


Attempted extirpations: 


Transventricular Lived Died 

Biopsies: 

Ventriculo-cisternostomy 


Site tumour 
judged operation and necropsy cases. 


Tuberal and third ventricle ... 

Subtuberal and third ventricle 

other cases 


The detailed analysis operations set out Table limited 
those performed the London Hospital since 1934; there have been 
operations patients, with deaths. some extirpation was 
attempted; others the danger such procedure was recognized and 
only fragmentary removal was made for purposes biopsy, 
collapse cyst; others Torkildsen’s ventriculocisternostomy was 
performed relieve hydrocephalus. some patients many three 
operations have been performed, each occasion being followed 
relief symptoms for some years. The results are discouraging, but the 
analysis has strengthened opinion that transventricular operations 
these tumours carry forbidding mortality. This not because any 
technical hazard operating through the cavity the lateral ventricle; 
this the normal route which remove colloid cyst the third 
ventricle, which cases the mortality much lower. But evidence 
the dangerous site the tuberal tumour and its third ventricle extension. 
The choice operation has depended upon the clinical picture, X-rays, 
and ventriculography. Minor procedures such tapping ventricle 
and tapping cyst through burr-hole are not included. 

mentioned earlier there are patients who are known still 
alive; these have sustained operation, being the patient who was 
operated Professor Dott. Set out below (Table brief résumé 
these cases. 
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TABLE V.—PATIENTS KNOWN ALIVE 
Age 


When first Time 
Patient seen operations Now Operation tumour Status 
Blind—fair 
Intrasellar Working 
Vent.-cist. School 
Extirpation Subtuberal working 
Intrasellar Good 
Subtotal Intrasellar and Working 
subtuberal 
Aspiration Tuberal Poor 
vent.-cist. 
Partial Tuberal Poor 


None Subtuberal Working 
None Subtuberal Working 


The observation patients over the course many years has shown 
that these tumours grow slowly, and unpredictable manner; that 
vision may affected only moderate degree and may not progress 
and that some tumours are compatible with near normal life, 
provided obstructive hydrocephalus can relieved. large cysts can 
emptied and kept empty destruction their epithelial lining, the 
smaller solid mass may tolerated. these arguments have been 
brought very conservative attitude, reserving radical operations for 
intrasellar and subtuberal tumours. carry out this policy necessary 
attempt with all available help make exact estimate possible 
the precise situation and extent the tumour. Operation post- 
mortem observation the situation the tumour available 
cases were intrinsic tumours, involving the tuber and the third ventricle; 
were subtuberal and passing into the third ventricle; were sub- 
tuberal; only were entirely intrasellar (Table the remaining 
cases the available information suggests that were tuberal and sub- 
tuberal. The intrasellar tumours were characterised severe endocrine 
failure, ballooning the sella and absence and ab- 
normal neurological signs other than visual field defect; marked enlarge- 
ment the sella unlikely found with intrinsic tumours unless 
they are very large. Intense endocrine failure may found with tumours 
each the three situations, and have been unable find any constant 
and close relationship between the pattern development the clinical 
picture, and the site origin the tumour, with the proviso that papil- 
other evidence raised intracranial pressure favours third 
ventricle obstruction. But was also seen approximately 
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half the subtuberal cases; these the cause the raised intracranial 
pressure must the size the tumour and its obstruction the basal 
cerebrospinal fluid pathways. Defects the visual fields are found 
all three groups cases. Epilepsy, falling attacks, and long tract 
signs suggest either large tumour, intrinsic one. clear that 
the help ventriculography and encephalography necessary 
order determine whether the tumour restricted the basal cisterns, 
whether has come occupy the third ventricle. 

Intrasellar tumours present greater technical operative difficulty 
than pituitary adenoma. Operation should not deferred for this 
will only render more difficult and dangerous. Subtuberal tumours should 
explored, with the awareness that they may involve the tuber, and total 
extirpation may fatal, but leaving remnant tumour may preserve 
life for many useful years. The tuberal intrinsic tumour regard 
essentially irremovable the facts post-mortem observation, though 
the cystic extensions into the third ventricle may sometimes removed. 
these cases prefer first relieve obstructive hydrocephalus 
Torkildsen’s ventriculo-cisternostomy. Later decision made whether 
transventricular exploration advisable order remove much 
the cyst wall possible, obtain biopsy. Removal 
part the cyst wall, aspiration its contents through 
hole gives only temporary relief, unpredictable duration. Two 
improvements technique recent development offer hope improved 
results. Aspiration cysts may made more accurately and more 
easily stereotaxic instrument. Radioactive preparations may 
found which will destroy the lining epithelial cells. This has been done 
two one patient—whose case recorded below—using 


radioactive gold. 


P., aged 37, male, 21560/48. 
1941, the age years, first admission for episodes headache, vomiting and 
blurring vision: excess thirst, weight increasing for many years, shaves every four 
days: scholarships school, now successful dealer Stock Exchange. 

Examination.—Weight st., height ft. in.: obese; hairless trunk, undeveloped 
genitalia, unbroken voice. B.P. 140/80. Vision 6/6 and L., fields full (fig. 

X-rays: suprasellar calcification. treatment, seen regular intervals. 

1952: Readmitted because recurrence headache; discs atrophic, fields—slight 
right homonymous defect (fig. plantar responses extensor. special treatment 
recommended; continued his work the Stock Exchange. 

July 1955: Readmitted account one week symptoms ascribable 
raised intracranial pressure from hydrocephalus (fig. 11B) relieved ventriculo- 
cisternostomy. Judgment not reliable, and unable work. 

November 1955: Readmitted because worsening memory, and vision. Right 
homonymous hemianopia (fig. Ventriculography—large filling defect left 
ventricle (fig. Cyst aspirated and mc. 198 injected and c.c. thorotrast. 
Acute psychiatric disorder lasting several weeks. Thereafter much brighter, and visual 


fields expanded. 
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July 1956: Readmitted, recurrence mental impairment confusion, drowsiness, 
and right homonymous hemianopia. X-rays showed re-formation cyst, and another 
mc. 198 injected into it. Short period hallucinosis and paranoia. Three 
weeks later cyst could not detected aspiration ventriculography. 


September 21, 1956: Much improved again and fields nearly full (fig. 


too soon evaluate the result, and much experience will needed 
decide the appropriate preparation and dosage. One difficulty 
overcome keep the injected fluid within the cyst, for may leak 
into the ventricle. Another recognize the presence other perhaps 
smaller cysts, for post-mortem examinations reveal that they may 
multilocular. 


What conclusion can drawn from study these tumours the 
mechanism whereby they cause interference with hypophyseal 
the case intrasellar tumours, direct pressure upon the gland—as 
pituitary adenoma—is simple and probably correct explanation. 
But tumours above this level may not compress the gland; the post-mortem 
weight the gland cases large intrinsic tumour varied from 0.45 
gramme child) 1.15 gramme. the advanced case Rowlands and 
Simpson previously referred to, the pituitary gland was normal shape 
and size, and weighed 0.8 gramme; but Professor Russell reported 
that histological examination revealed severe degeneration. Weight alone 
criterion activity but does indicate absence direct pressure 
atrophy. Recent knowledge the arrangement the blood supply 
the adeno-hypophysis, and the general acceptance hypophyseal 
portal system makes likely that tumours arising the tuber cinereum, 
pressing upon and upon the pituitary stalk, will inevitably interfere 
with this circulation. This may happen two levels. The tumour may 
involve the stalk interrupt part completely the flow blood 
the portal vessels descending the gland. higher level, the tumour 
may interfere with the rich primary capillary plexus the pars tuberalis 
which, will recalled, derived very early stage the embryo, 
from the lateral processes Rathke’s pouch. One surprised, when 
inspecting tumour which seems the naked eye involve the whole tuber 
and stalk, that sufficient hypophyseal portal system remained supply 
the gland, yet one may know from the clinical findings that indeed the 
gland was still functioning greater less extent. But Harris has 
pointed out that animal experiments, operative division the stalk 
and apparent interruption the blood supply may fail produce the 
anticipated pituitary failure because new vascular connexions rapidly 
bridge the site division. Thus likely that slowly growing tumour 
the tuber may well reach fair size, and yet not destroy all the primary 
plexus and portal vessels. Furthermore, not yet conclusively estab- 
lished that the gland cannot maintain limited activity when 
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functionally disconnected from the tuber and that collateral circulation 
may not develop adequate for needs. 


Finally, one may enquire what extent the tumour produces its effect 
primarily interfering with neural mechanisms. Cairns and Mosberg 
(1951) were able draw valuable conclusions along these lines 
from study colloid cysts the third ventricle, tumour which does 
not invade the floor walls the ventricle, and produces its effects 
pressure. Rathke-pouch tumour this situation produces such 
gross lesion the hypothalamus that the material not amenable such 
analysis; furthermore, the tuber cinereum appears always involved, 
and thus the important vascular plexus the pars tuberalis always 
hazard. All the endocrine disturbances which have been described are 
manifestations depressed hypophyseal function, and therefore are 
compatible with progressive partial complete interference with the 
portal circulation and with any neuro-chemical transmitters that circula- 
tion. Although precocious sexual development can caused variety 
tumours and other lesions the floor the third ventricle, 
example such increased activity has occurred this series Rathke- 
pouch tumours, nor does there appear any record such (Bauer, 
1954). But the following case was characterized insulin-resistant diabetes 
mellitus and mild acromegaly. 


D., aged 44, female, 37079/52. Four years—progressive visual six months 
ago loss weight, lassitude, glycosuria, and diabetes mellitus diagnosed, easily con- 
trolled insulin. Normal menses, one child aged years. 

Examination.—Mild but definite acromegaly—thick lax greasy skin, heavy facial 
features, prognathism, fingers and toes broad and spatulate; hair and breasts 
normal; average height, weight st. B.P. 170/120 mm.Hg; mild 
right homonymous hemianopia. X-rays: erosion sella, faint calcification. Kepler’s 
index 16; 17-ketosteroids mg./twenty-four hours, glucose tolerance curve—diabetic 
type. family history diabetes mellitus. 

Operation, ventriculography—third ventricle not filled; transventricular partial 
removal tumour, followed thirteen days later ventriculo-cisternostomy, deepen- 
ing coma and falling B.P. Blood sugar steadily rose spite increasing doses 
insulin, reaching maximum figure 1,000 mg. per 100 ml. shortly before death; 
after 1,200 units insulin given intravenously the course four hours the blood 
sugar was still 560 mg. per 100 ml. Necropsy: massive Rathke-pouch tumour occupy- 
ing the third ventricle, expanding attachment pituitary stalk. Histological examina- 
tion the pituitary gland revealed eosinophilic adenoma. 


This progressive and insulin-resistant diabetes mellitus resembles that 
recorded Byrom and Russell (1932) case colloid cyst the 
third ventricle. Acromegaly and diabetes mellitus are disturbances which 
cannot explained simple depression hypophyseal function. Dis- 
organization neural control might the causative mechanism this 
case, and one cannot deny the possibility others. 
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FOOTNOTE: 
(1) the time this review, the records one patient were inadvertently 
overlooked: 


L., 15996/50, aged when first seen; blind one eye for five years, and vision 
failing the other for several months. sub-frontal biopsy confirmed the nature 
the lesion, and later attempted removal was abandoned. She has now been 
under observation for twelve years; dwarf and sexually undeveloped, she still retains 
sufficient vision read large print, and otherwise well. When first seen there was 
suprasellar calcification, but now shadow outlines what probably the wall 
cyst. 


(2) P., has not yet required further aspiration the cyst and working. 
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LEGENDS FOR PLATES 


PLATE 


Fic. 2.—Small Rathke-pouch tumour involving tuber cinereum; glioma pontis 
(N/S 090). 


Fic. 3.—Islands epithelium, neuroglial reaction; periphery cystic Rathke-pouch 
tumour involving tuber and extending into the third ventricle (N/S 4533). 


PLATES XXXIV XXXV 
Fic. 4.—Spontaneous aerocele case 21675/37; for details see text. 


Fic. 5.—Case intra-sellar tumour (S.H. 22350/56); aged 29. Sexual 
immaturity, long extremities and fingers. Enlarged sella turcica; air shadow out- 
lining tumour. Operation. 


PLATE XXXVI 
Fic. 6.—L. (N/S 092) aged years; aged years. 


PLATE XXXVII 


Fic. aged years, and boy aged years approximately similar height. 
(From Brit. Journ. Surgery, 1942, 29, 305.) 


PLATES XXXVIII anp XXXIX 


Fic. 9.—L. Visual fields before operation. Air-encephalogram 
showing filling-defect cisterna chiasmaticus. Operation. 


Fic. 10.—F. (N/S tumour; infarction territory anterior 
cerebral arteries; thrombosis anterior cerebral and anterior communicating 
arteries (From Proc. Soc. Med., 48, 881.) 


PLATES XLI 


Fic. 11.—W. (21560/48). details case see text. Visual fields during 
course fourteen years. 


PLATES XLII 


Fic. Ventriculograms. 26.7.55: demonstrating enlarged lateral ventricles, 
and absence air third ventricle: ventriculo-cisternostomy was performed. 
10.11.55: demonstrating large mass bulging into floor lateral ventricles, more 
the left side; this contained very large cyst. The dorsum has been destroyed, 
and suprasellar calcification present. 
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SYMMETRICAL 
CALCIFICATION THE BASAL GANGLIA 
WITH FAMILIAL ATAXIA AND 
PIGMENTARY MACULAR DEGENERATION 


ROBERT STROBOS, ERNESTO TORRE 
AND JAMES MARTIN 


(From the Departments Neurology and Radiology the Bowman Gray School 
Medicine Wake Forest College, and the North Carolina Baptist Hospital, Winston- 
Salem, North Carolina) 


SYMMETRICAL calcification the basal ganglia, visible roentgenograms 
the skull, infrequently observed. family described which this 
abnormality was demonstrated association with progressive ataxia and 
pigmentary macular our knowledge, this combination 
findings has not been previously reported. 


REPORT CASES 


The patient, W., 44-year-old white male, had difficulty with his gait his 
fourth decade and became progressively more unsteady. His speech was affected and 
was increasingly difficult understand. His hands were not significantly involved. 
had, however, noticed impairment his vision reading fine and, later also, 
large print. 

The examination revealed dysarthria, with the characteristic qualities cerebellar 
dysfunction. There was clumsiness fine hand movements and dysdiadiochokinesis. 
Ataxia finger-to-nose test was only minimal. walked with wide-based, unsteady 
gait, found impossible keep his balance heel-to-toe walking and showed marked 
swaying standing with the feet close together. The heel-knee-shin test revealed 
gross ataxia. All muscles were normal power and there was evidence atrophy. 
All stretch reflexes were hyperactive and bilaterally equal. The Hoffman reflex could 
easily elicited bilaterally and sustained ankle clonus was obtained both feet. 
There was reflex Babinski, and the skin reflexes were present. Sensation was 
normal for all qualities. 

The examination the cranial nerves revealed the visual acuity each eye 
20/200. Central vision was definitely impaired and fixation could not maintained 
well enough map accurate visual fields. However, there was apparent involvement 
peripheral vision. Circumscribed and somewhat elevated areas heavy pigmenta- 
tion were seen both (fig. Plate XLIV). The optic discs were slightly pale 
the temporal halves. 

Further physical examination revealed unusually short terminal phalanx 
the right thumb. 

Roentgenograms the skull demonstrated symmetrical and rather dense calcifica- 
tion the basal ganglia. There were some curvilinear streaks calcification the 
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frontal and parieto-occipital subcortex. Calcification the falx cerebri was also 
present (fig. 2). Roentgenograms the spine and chest were within normal limits. 
Roentgenograms the hands showed the above-mentioned short distal phalanx the 
right thumb (fig. 3). 

The electroencephalogram and electrocardiogram were both within normal limits. 
The cerebrospinal fluid contained cells, the total protein was mg. per cent, the 
colloidal gold curve and the serologic test for syphilis were negative. The complete 
blood count was normal, and the sedimentation rate mm. per hour (Wintrobe 
method). The total serum protein was grammes per 100 c.c. with albumin 3-4 
grammes per 100 c.c. and globulin 3-7 grammes per 100 c.c. Serum calcium was 
9-5 mg. per phosphorus mg. per two determinations and alkaline 
phosphatase Bodansky units. The analysis the urine was normal. 

had the opportunity examine several members the patient’s family. 

The brother, W., four years older than the patient, suffered from the same illness 
with onset the fourth decade. was extremely ataxic with both upper and lower 
extremities involved and completely unable walk without assistance. had been 
limited wheelchair existence for several years. His speech was almost completely 
unintelligible. Bilateral pigmentary macular degeneration was present, was 
generalized hyperreflexia with bilateral sustained ankle clonus and left-sided reflex 
Babinski. was rather tense during examination, and slow rhythmic alternating 
tremor the right hand with frequency per second was observed. 

Roentgenograms the skull showed areas mottled calcification bilaterally the 
basal ganglia. There were also circinate streaks calcification the posterior 
parietal subcortex. The pineal gland was calcified and normal position. Calcification 
the internal carotid arteries was present and there was slight increase density 


FAMILY W-J 


D-59 


5.—Pedigree family described the text. 
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the inner table the frontal bone one area (fig. 4). Roentgenograms the hands 
were normal. 

The sister, W., unmarried and nine years older than the patient, suffered from 
similar disease with onset symptoms her late thirties. Her symptoms had slowly 
increased over the ensuing years, but lesser degree than the patient. Examination 
disclosed bilateral pigmentary macular degeneration with impairment central vision 
and slight pallor the optic discs. Her speech was slightly dysarthric. There was 
minimal ataxia, and definite clumsiness and dysdiadochokinesis hand movements. 
The gait and heel-knee-shin test revealed moderate ataxia. Generalized hyperreflexia 
was also present with bilateral sustained ankle clonus. The reflex Babinski could 
not elicited. The remainder the examination was within normal limits. 
Roentgenograms the skull did not show calcification the basal ganglia this 
patient, but there was marked hyperostosis frontalis interna and calcification the 
falx cerebri. 

first cousin the patient, 37-year-old male (see fig. was found have typical 
peroneal muscular atrophy with onset symptoms age There was atrophy 
the arm muscles below the elbow with claw hands and slight diminution pain 
sensation the hands. The legs showed atrophy the peroneal and anterior tibial 
muscles with drop-feet and steppage gait. The optic fundi were normal. The skull 
roentgenograms did not reveal any pathologic calcification. demonstrated evidence 
specific dyslexia. was intelligent, successful car salesman, married college 
teacher. was unable read anything but the simplest words, though could 
recognize all letters. had similar difficulty writing, but none all speech, 
arithmetic, spatial orientation and other parietal lobe functions. 

Twenty-seven other members the family were examined (see fig. 5). The older 
daughter the patient was mentally retarded and grossly overweight. complete 
examination, including skull roentgenograms and electroencephalography, revealed 
further abnormalities. There were several other members the family who had 
short distal phalanx one thumb, similar the patient. One cousin the patient 
had agenesis the left major pectoral muscle and underdevelopment all 
fingers the left hand. 


DISCUSSION 


Symmetrical calcification the brain, especially the anterior parts 
the globus pallidus, the dentate nuclei and subcortical areas, has 
been described upon microscopic examination autopsy specimens 
host varied conditions. sometimes occurs different types 
inflammatory and degenerative diseases, intoxications, endocrine 
disorders, but notably also the brains persons without any history 
findings mental, neurologic endocrine disease. adequate 
explanation this phenomenon has never been established. The 
pathologic substratum may deposition colloid material and 
around the smaller blood vessels, especially the arterial side, with 
subsequent calcification and iron deposition, forming sheaths and isolated 
concretions around the vessels. 

These calcified deposits may reach such size and density that they 
become visible roentgenograms the skull. Several publications have 
dealt with the roentgenographic finding symmetrical calcification the 
basal ganglia, which may vary from small, irregular discrete shadows 
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increased density, wavy linear streaks calcification and finally 
dense, large calcifications these areas. 

When these particular abnormalities are found skull roentgenograms, 
parathyroid deficiency the most important disease considered, 
because the satisfactory response appropriate treatment. These 
findings are most commonly encountered the idiopathic form 
hypoparathyroidism. They may occasionally result from post-operative 
parathyroid insufficiency, but early recognition and therapy this 
complication probably prevents the development cerebral calcification. 
Similar findings have also been described pseudohypoparathyroidism, 
where the parathyroid glands are normal, but the body apparently 
unable utilize the hormone properly. 

The roentgenographically visible calcifications the basal ganglia 
have further been described many different disorders without apparent 
common etiologic factor that might explain its occurrence. Among these 
were patients with toxoplasmosis, mental deficiency with and without 
seizures, arteriosclerotic cerebrovascular disease, encephalitis, tuberous 
sclerosis and toxic adenoma the thyroid gland. has been observed 
also patients with history findings neurologic endocrine 
disease. This represents very heterogeneous group patients and one 
can only conclude that this form cerebral calcification may occasionally 
seen incidental finding. 

connexion with this report, interesting note that this roentgeno- 
graphic abnormality was first described Fritzsche familial form 
(1935). the family described, there were siblings who showed the 
roentgenographic findings when examined their third decade. All three 
had been severely mentally retarded since childhood and had suffered 
from epileptic seizures. slowly progressive muscular rigidity and 
Parkinsonian posture without tremor was found these patients. 
Subsequent observation familial form has been rare. Kasanin and 
Crank’s patient (1935) suffered from seizures, intellectual deterioration, 
muscle rigidity and bilateral impairment hearing. stated that one 
sister showed somewhat similar disorder, but there description 
the neurologic examination her case, nor were roentgenograms the 
skull taken. Foley (1951) described family which the roentgeno- 
graphic abnormalities were found 60-year-old female and her two 
daughters. The mother had complained vertigo and unsteadiness for 
four years and she demonstrated evidence mental deterioration, 
spasticity with increased reflexes and bilateral reflex Babinski, and 
marked cerebellar ataxia. The two daughters revealed evidence 
neurologic abnormality. The clinical picture the patient described 
Foley many ways quite similar that the family reported this 
article, except for the age onset and the presence pigmentary macular 
degeneration. 
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difficult classify the form familial ataxia that are dealing 
with this family. Retinal lesions are usually confined the spino- 
cerebellar forms hereditary ataxia, but “‘it commonplace that 
differential diagnosis possible during life between the different forms 
cerebellar and spinocerebellar (Greenfield, 1954). Several cases 
are record which macular degeneration has been observed cases 
hereditary ataxia. 


SUMMARY 

Symmetrical calcification the basal ganglia was identified 
roentgenograms the skull two brothers. They and one sister demon- 
strated progressive ataxia and impairment central vision due 
pigmentary macular degeneration with onset the fourth decade. 

The literature relevant symmetrical calcification the basal ganglia 
has been reviewed. This finding has been described cases parathyroid 
deficiency and has been observed incidental instances host 
varied conditions. has occasionally been encountered families. The 
symptomatology the families reported far has been one either 
progressive ataxia rigidity. 


The authors wish express their gratitude Dr. Herndon the 
Department Medical Genetics for his efforts obtaining the genetic 
data shown fig. 
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LEGENDS FOR PLATES 


PLATE XLIV 


(Patient No. demonstrating pigmentary macular degeneration 
fundus the right eye. 


PLATE XLV 


Fic. (Patient No. 1).—Roentgenograms the skull the antero-posterior and 
lateral projections demonstrating dense calcification the basal ganglia and the falx 
cerebri, and circinate calcification the subcortical regions. 


PLATE XLVI 


Fic. (Patient No. I).—Roentgenograms the hands demonstrating short distal 
phalanx the right thumb. 


PLATE XLVII 


Fic. (Patient No. the skull the antero-posterior and 
lateral projections demonstrate mottled calcification the basal ganglia and dense 
linear calcification the falx cerebri. 
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ARTHROGRYPOSIS MULTIPLEX 
DUE CONGENITAL MUSCULAR DYSTROPHY? 


BETTY BANKER, MAURICE VICTOR RAYMOND ADAMS 


ARTHROGRYPOSIS multiplex congenita, multiple congenital articular 
rigidities, amyoplasia congenita, and myodystrophia deformans 
are names which have been given uncommon though well-known 
disorder infants and children. characterized congenital 
immobility the limbs with fixation certain postures and due 
presumably contractures the muscles. The clinical features have 
been clearly described but the pathological reports are few and the findings 
inconsistent. consequence, theories concerning the nature the 
illness have been varied and contradictory. 

The history this clinical condition may found any one the 
numerous articles that have been written about during the past century 
and there little point reviewing them again. will suffice for our 
purpose allude only few the leading references show the 
emergence one idea—that more than one disease process may res- 
ponsible for the clinical picture. 

Opinions have varied the nature the disease. After Otto’s 
original description 1841, the idea that there was primary disorder 
the joints became popular and most the early reports appeared 
French and German orthopedic journals. This concept the disease 
must have prompted Rocher 1913 suggest the term “multiple con- 
genital articular and Stern 1923 call 
multiplex congenita,” meaning multiple, congenital curved joints. But 
time passed became more and more evident that the muscles themselves 
were the site the disease and the joint change secondary. Once this 
conclusion was reached, however, there was still complete lack 
agreement concerning the nature the muscle disease. Ullrich (1930), 
Stoeber (1938), Middleton (1934) and Gilmour (1946) all reported cases 
which some type dystrophic change was found muscle, view 
which received considerable support from the studies Roberts (1929) 
who observed contracture with congenital deformity limbs due 


1From the Neurology Service, Massachusetts General Hospital, the Neurological 
Unit, Boston City Hospital, and the Departments Neurology and Neuropathology, 
Harvard Medical School. 
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dystrophic muscle disease newborn lambs. Sheldon (1932), the other 

hand, postulated aplasia certain muscles groups muscles and 
suggested the term, congenita.” Still another pathology has 

been suggested Brandt (1947), Adams, Denny-Brown and Pearson 
(1953), and Wolf (1955); these authors have reported cases which 

the primary abnormality was the spinal cord, and consisted 
absence many the anterior horn cells the lumbosacral cord 
segments and denervation atrophy muscles. 

From these few comments should clear that arthrogryposis 
multiplex congenita not disease sui generis but rather syndrome 
characterized congenital fixation joints which may have more than 
one pathological basis. had previously examined two cases which 
the primary defect was the nervous system and more recently the 
opportunity arose examine two additional cases which myopathy 
was the essential abnormality. take this occasion, therefore, place 
these new cases record, contrast them with those due denervation 
atrophy muscle, and the light this additional experience review 
the status arthrogryposis multiplex clinical and pathological entity. 


REPORTS 


Case 1.—D. M., 54-month-old male infant was admitted the pediatric service 
the Massachusetts General Hospital June 14, 1954, for the investigation 
episodic attacks fever and dyspnoea. For six weeks prior admission had inter- 
mittent episodes fever, cyanosis, and abdominal distension requiring 
frequent hospitalization. this time the patient was the second two children; 
his older sister was normal all respects. Delivery, breech presentation, had been 
difficult and fractured femur resulted. the time birth, was noted that was 
unable extend his legs the hips knees, his arms the elbows. Over the next 
four months ate poorly and gained only Mental development was believed 
normal; smiled readily, and was alert sounds, recognized people, and 
followed objects with his eyes. 

The father, mother, and siblings were examined. There was kyphosis, scoliosis 
other evidence neuromuscular disorder. history consanguinity could 
obtained. The mother was negative but time during her pregnancy did she 
show rising antibody titre. She had had previous abortions stillbirths. 

Physical examination revealed poorly nourished, underdeveloped, 
child with respiratory rate and pulse-rate 160 per minute. There was small 

Sinus just over the tragus each ear. The palate was high and arched, and the mandible 
seemed smaller than normal. The neck veins were distended even when the infant was 
upright and the trachea was deviated slightly the right. The chest, measuring 
15} in. circumference, was deformed, with mid-dorsal kyphoscoliosis. The lung 
fields were clear. heart murmurs were heard but the pulmonary second sound was 
greater than the aortic. There was right inguinal hernia and undescended right 
testicle. 

The limbs were small circumference and the joints contrast seemed unusually 
large. The skin over the extremities was loose and wrinkled. The limb musculature 
was very thin but not uniformly so, the forearms appearing better developed than the 
arms. There was flexion deformity the hips, knees and elbows limiting extenison 
about degrees. With passive movement only few degrees extension was 
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possible the knees and hips. the hips, abduction and almost rotation was 
possible. The arms could not extended beyond 145 degrees. Abduction the 
shoulder-joint was limited about degrees. The feet showed calcaneo-valgus 
deformity, more marked the right. 

The patient smiled, followed objects and people with his eyes, and blinked response 
threatening stimuli. There was ptosis the left lid but other ocular abnormality; 
fundoscopic, pupillary and extraocular muscle function were normal. Corneal and 
facial sensation was intact was the facial musculature. responded appropriately 
noises and seemed aware painful stimuli. Crying, swallowing and sucking 
movements were feeble. The head was usually rotated the right and resisted passive 
rotation the left. had great difficulty supporting his head. Spontaneous 
movements were practically limited the fingers and even withdrawal from painful 
stimuli was sluggish absent. Grasp reflexes were elicited bilaterally. The tendon 
reflexes were not obtained; the plantar response was flexor bilaterally and the abdominal 
reflexes were absent. 

Examinations the blood and urine were normal. Spine films confirmed the 
kyphoscoliotic deformities. 

One week after the infant was discharged from the Massachusetts General Hospital 
developed another episode high fever, obstructive breathing and tachycardia. 
was admitted the Manchester Memorial Hospital, Manchester, Connecticut, 
where expired the folowing day. 


FINDINGS 


body was that small, emaciated male infant weighing 
The deformities, fixed posture and immobility the joints were the same had been 
noted clinically. There were bilateral diffuse bronchopneumonia and distension 
the small intestine. The heart was normally formed and average size. There was 
abnormality cardiac muscle, either grossly microscopic section. The 
diaphragm appeared normal colour. 

Neuropathological gyri and sulci appeared normal for infant 
this age, did the blood vessels and meninges. Coronal sections, made after fixation 
per cent formalin, disclosed abnormalities. The spinal cord, which was 
removed its entirety appeared grossly normal. There was evidence inflamma- 
tion other abnormality the spinal meninges. Anterior and posterior roots appeared 
normal. Dissection the lumbosacral trunk and its major branches revealed 
abnormalities. The sciatic, obturator and femoral nerves were normal size, 
general appearance, and distribution. 

All the muscle groups from the pelvis the foot were identified, each muscle 
muscle group then being removed from its origin its insertion. The gluteus maximus 
was obviously abnormal, being very thin, firm consistency, and pale pink colour. 
The changes were the same but not marked the gluteus medius, the tensor 
late, quadratus femoris, pyriformis, the adductors the hip (pectineus, adductor 
longus, adductor magnus, and gracilis), sartorius, ilio-psoas, and the muscles the 
quadriceps femoris. The hamstring muscles were also small and pale. the lower leg, 
the tibialis anticus and extensor digitorium longus were better bulk and colour 
than the muscles the hip and thigh. The extensor hallucis longus, peroneis tertius, 
peroneus longus and brevis, soleus, tibialis posterior, and the gastrocnemius were 
also good bulk and colour. When the tendons the hip flexors were cut, almost 
full extension the thigh was possible bilaterally. After cutting the hamstring tendons, 
the legs could fully extended. The knee-joint was dissected; the femur, tibia, 
patella, and their articulations showed normal relationship; abnormalities could 
discerned the articulating cartilage, synovial membrane joint capsule. 
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PATHOLOGICAL CHANGES 


Abnormality Increase 
Variation No. 
Major gross fibre sarcolemmal 
Muscle Action appearance* size* nuclei* 


*Degree abnormality indicated (normal) (maximal abnormality). 


Microscopic examination.—Representative sections the brain were fixed formalin 
and embedded celloidin. These were stained with cresyl violet, and 
eosin, and the Loyez method for myelin. abnormalities were present the 
cerebrum brain-stem. The spinal cord, nerve roots, ganglia, and peripheral nerves 
were fixed formalin. These tissues were embedded celloidin and paraffin. The 
former were stained with cresyl violet, and eosin, and the Loyez 
method for myelin; the latter with hematoxylin and eosin, the Van Gieson method 
and the Bodian method for axis cylinders. Frozen sections the formalin fixed 
material were stained for axis cylinders the Gros-Bielschowsky and Glees methods, 
for myelin the Spielmeyer method, for glia fibres the Holtzer method, and for 
fat with the oil-red-o stain. 

Many sections cord were obtained from each cervical, thoracic, lumbar, and 
sacral segment. The nerve cells both the anterior and posterior horns were normal 
both number and appearance. Although attempt was made count the cells, 
there was obvious diminution their number. There was glial reaction. The 


XUM 


XUM 


ARTHROGRYPOSIS MULTIPLEX 323 
connective connective fetal microscopic 
tissue* tissue* appearance* 


*Degree abnormality indicated (normal) (maximal abnormality). 
+Degree abnormality indicated (normal) (maximal abnormality). 


axis cylinders both grey and white matter were intact. The spinal meninges appeared 
normal. 

The spinal roots were normal all respects. The axis cylinders and myelin were 
examined the anterior and posterior roots from several levels the cord and were 
found intact. There was inflammatory other cellular reaction. Unfortu- 
nately, only the second thoracic sensory ganglion was available for study but showed 
abnormalities. 

myelin and axis cylinder sections the femoral, sciatic, peroneal, and tibial 
nerves there was evidence degeneration and the blood vessels were normal. 

Blocks were taken for transverse and longitudinal sections from all the leg muscles 
which were removed the aforementioned dissection. The tissue was stained with 
and eosin and phosphotungstic acid hematoxylin well the 
methods Van Gieson, Foot and Bodian. addition, frozen sections several 
muscles were stained the Glees method for axis cylinders. 
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The diaphragmatic muscle showed mild variation fibre size well slight 
increase the number sarcolemmal nuclei. However, the fibres were otherwise 
natural appearance with normal content myofibrils and well-preserved cross 
striations. The connective tissue was not increased amount abnormal arrange- 
ment and normal appearing nerve fibres were seen within the muscles. 

The most striking changes were found the muscles the lower extremities and 
pelvis. There was reduction the number fibres, the degree loss varying from 
one muscle another and even from one part single muscle another. 
unusual variation the size fibres was noted the transverse sections. Many 
fibres were small diameter, measuring only less, with centrally placed nuclei 
and small number myofibrils—an appearance like that “‘foetal There 
were also many fibres large size and these were larger (range and more 
numerous than the isolated large fibres which may found normally foetal muscle, 
i.e. the fibres Wolfahrt. Splitting division fibres was seen the most severely 
diseased muscles. few single fibres segments fibres were observed the 
process degeneration; their sarcoplasm was homogeneous, showed altered 
staining reaction, and fragments had undergone phagocytosis. Except for 
increase the number sarcolemmal nuclei with prominent nucleoli and the branch- 
ing fibres, there were changes which could interpreted representing 
regenerative activity. There was increase endomysial and perimysial connective 
tissue and fat cells were numerous. Aside from few scattered lymphocytes and 
histiocytes there was significant degree cellular infiltration. 

the muscles which were most severely involved, e.g. the glutei, relatively few 
muscle fibres remained and those which had disappeared were replaced islands 
fat cells and fibrous connective tissues (fig. Plate Residual fibres were small 
size and arranged the form thin fascicles. Here the predominant fibres were about 
the size fibres, seldom exeeding diameter. However, there were others 
which were even smaller, the range Some these still contained striated 
fibrils but others did not and had the appearance primitive myotubes. Under high 
magnification one could also find isolated myotubes surrounded abundance 
relatively acellular connective tissue. These myotubes consisted rows sarcolemmal 
nuclei, identifiable their morphology alone, and scant sarcoplasm devoid 
myofibrils. areas where muscle fibres were more numerous, the architecture the 
muscle fascicles was deranged. Each fibre appeared engulfed connective 
tissue and rows fat cells had penetrated this endomysial connective tissue. Similar 
changes were noted the quadriceps muscle, although somewhat less degree. 
Degenerative changes were not all prominent. Only few isolated fibres could 
one find alteration sarcoplasm, fragmentation the muscle fibre contents, 
evidence active phagocytosis. 

the flexor muscles the hips and knees the amount fibre loss and the 
proportion small fibres was less than that the aforementioned muscles but the 
variation fibre size was much greater (fig. Plate LI). was possible find fibres 
which ranged size from (see chart). Central placement nuclei was com- 
mon occurrence, even the largest fibres. The endomysial connective tissue, although 
present excessive amount, did not disturb the architecture the fascicles and there 
was relatively little replacement fibres adipose tissue. The perimysial connective 
tissue was prominent and surrounded the fasciculi. 

The muscles the lower leg, i.e. the gastrocnemii, peroneus longus and brevis, 
tibialis anterior, tibialis posterior, and soleus were the least involved. All showed 
moderate increase sarcolemmal nuclei and mild variation fibre size (fig. 5). 
Interstitial fibrous connective tissue was only slightly increased and lipomatous 


infiltration absent. 
Within each muscle the changes described above were more marked the peripheral 
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fasciculi than the central ones, and more pronounced near the insertion and origin 
than the muscle belly (fig. 5). single muscle the changes appeared different 
ages that cellular reaction including histiocytes, sarcolemmal nuclei and fibroblasts 
would evident one area while fibrosis, consisting increase collagenous 
connective tissue, predominated another. 

The intramuscular nerve fibres and muscle spindles were normal all sections 
studied. There was inflammatory cellular infiltration. 

The muscles arms, thorax, and neck were not studied. 


Case 2.—This baby boy, sibling the first patient, was born the Manchester 
Memorial Hospital, Connecticut, two years after his brother. lived for only one 
and half hours. Delivery was term, and, the older sibling, was difficult. 
manual extraction breech presentation was required, and fracture the right 
femur resulted. Respiratory movements were feeble. marked kyphoscoliotic 
deformity was present, and the mid-thoracic diameter was larger than normal. The 
limbs were extended; there were contractures. X-ray examination confirmed the 
presence the chest deformities, well fracture the right femur. 

The infant’s mother was observed carefully her obstetrician during her pregnancy. 
rise the antibody titre was detected nor was the pregnancy complicated 
any other way. 

Pathological general appearance was that well-nourished male 
infant weighing 3-3 kg. and measuring cm. length. There was marked scoliosis 
the mid-thoracic spine and increase the antero-posterior diameter the 
lower thorax. 

Each lung was located posteriorly the chest with little evidence expansion. 
However, sections lung tissue floated water. There were petechiz the serosal 
surface. The and liver were enlarged and sectioning showed changes 
acute congestion. 

Neuropathological findings.—After opening the cranium, left parietal skull fracture 
was seen. acute subdural hematoma covered the right parietal area. The spinal 
cord, roots and peripheral nerves were not available for study. 

Muscle.—Muscle tissue was taken from the shoulder and pelvic girdles and from the 
proximal parts the limbs. The tissue was fixed per cent formalin, embedded 
paraffin and stained with hematoxylin and eosin, phosphotungstic acid hematoxylin 
and the Bodian method for axis cylinders. 

The microscopic findings all sections were similar. The diameters muscle 
fibres varied from two microns forty microns. The small fibres resembled 
fibres that the nuclei were centrally placed and only small number myofibrils 
were present. Occasionally only myotubes containing centrally placed nuclei could 
seen. The large fibres were larger and more numerous than the 
Wohlfart. the fibres normal size, measuring seven nine microns, the number 
sarcolemmal nuclei and centrally placed nuclei were more numerous than one would 
expect find normal full-term infant. Recent degeneration muscle fibres, 
evidenced phagocytic invasion, was seen more frequently than Case some 
sections there were areas extramedullary Muscle spindles were 
prominent and appeared normal. Nerve fibres within the muscle bundles were normal 
The most severely affected muscles those sampled were the psoas, hamstrings, deltoid, 
and triceps. The glutei were not examined. 

Control muscle from full-term infant were examined. This 
infant expired one and half hours after birth, result anoxia due, turn, 
pulmonary hyaline membranes. The muscles studied were the gluteus maximus, 
quadriceps, hamstrings, and tibialis anticus The diameter muscle fibres was 
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relatively constant, ranging from microns microns. occasional large 
fibre, the measured microns diameter. The sarcolemmal nuclei were 
somewhat more numerous than normal adult muscle, and occasional fibres showed 
centrally placed nuclei. There was evidence active degeneration muscle fibres. 
Areas extramedullary hematopoieses were frequently seen. There was increase 
amount fibrous connective tissue. 


COMMENT 


The salient microscopic findings the first case were the variation 
size muscle fibres, the presence centrally placed nuclei and the 
increase adipose and fibrous connective tissue. the extensors 
the hip and knee, the loss muscle fibre with replacement endo- 
mysial fibrous and adipose connective tissue was most striking. the 
flexors the hip and knee, there was moderate loss muscle fibres. 
The fibrous connective tissue, which surrounded the fibres and fasciculi, 
preserved and outlined the muscle architecture. The evertors the foot 
showed mild loss muscle fibres with connective tissue replacement. 
The brain, spinal cord, nerve roots, peripheral nerves, and nerve endings 
were normal. the second case, the most prominent pathological 
changes were the increase number sarcolemmal nuclei, the variation 
size muscle fibres and the presence large number fibres. 


DISCUSSION 


The nature the muscular could doubt that our 
two cases represented primary disease skeletal muscle and that there 
was abnormality either the central peripheral nervous system. 
The pathological changes the muscle were: loss muscle fibres, 
presumably due primary degeneration profound atrophy and 
degeneration; marked variation the size the remaining fibres with 
the large and small ones random distribution; the presence many 
small fibres, some foetal size, measuring diameter, with 
centrally placed nuclei; the presence rare degenerating fibres with 
altered sarcoplasm undergoing phagocytosis; overgrowth fibrous 
tissue the endomysium and perimysium, and increase the number 
lipocytes. These changes were not the same all the muscles, was 
pointed out the description the pathology, and they differed our 
two cases. the first case, fibrosis was more prominent than the second, 
and conversely degeneration well-formed fibres was less prominent. 
Signs regenerative activity injured fibres were sparse and infiltrations 
inflammatory cells notably absent both cases. 

The significance these changes, i.e. which were primary, and which, 
secondary, not certain. was our impression that degeneration 
muscle fibres and the extreme atrophy and variation size, particularly 
the atrophy, could only explained essential change within the 
muscle cells themselves. This change appeared have affected some 
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constituent the sarcoplasm rather than the nuclei, for the latter often 
had healthy appearance and few places had actually proliferated. 
seemed improbable that faulty development muscle fibres had been 
the initial abnormality because many normally appearing fibres were still 
present and degenerative changes were found both large and small 
fibres. The large size fibres could have been the result work hyper- 
trophy sound fibres though this would not explain the presence many 
normal appearing fibres medium size nor the centrally placed nuclei 
the large fibres. The extreme small size fibres could have been due 
segmental degeneration with loss sarcoplasm some influence which 
had prevented their proper growth and development. The latter explana- 
tion, valid, certainly applied only scattered fibres. Although fibrosis 
corresponded roughly the degeneration and atrophy muscle fibres, 
this relationship was inconstant and some additional factor may have 
been operative, will pointed out the discussion contracture. 
Degenerative changes have been observed supposedly normal 
muscle, the retrograde metamorphosis Bardeen. This said involve 
segments some the larger fibres which are noted swollen and 
eosinophilic. The sarcolemmal nuclei also degenerate. have observed 
this change muscle but have tended regard agonal change 
because the lack cellular reaction. has not been constant finding 
the few muscles have examined and was not seen our 
control case. seems probable that this foetal process, exists, could 
not account for the many degenerative changes Case 
The pathological changes which were observed our first case are 
similar those which have been described progressive muscular 
dystrophy and this would appear the most likely diagnosis. However, 
the pathological picture the different forms muscular dystrophy 
varied that the identification this disease from its morbid anatomy alone 
almost impossible distinguish dystrophy from chronic polymyositis, 
infiltrations inflammatory cells are lacking, and from other forms 
myopathy associated with general metabolic diseases. would 
probably correct state that our cases are examples generalized 
myopathy, the pathological features which presented all the histological 
criteria progressive muscular dystrophy. The obvious acute degenera- 
tion fully formed well-differentiated muscle fibres argues favour 
the basic process being atrophy and degeneration muscle cells rather 
than failure normal development. 
The significance the clinical signs the myopathic form arthro- 
gryposis.—Although there are many reports arthrogryposis multiplex 
congenita the literature, there are only three pathologically confirmed 
cases due primary disease muscle (Ullrich, 1930; Stoeber, 1938; 
‘Howard, 1908). The infants described these reports had number 
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characteristics common. All were males normal mentality. All had 
kyphoscoliosis, deformity the chest, abnormality head posture, 
non-progressive course, and fixed posture the limbs with flexion 
the hips and knees and adduction the legs. The fact that this posture 
was identical these cases and our first case suggests that infants with 
the myopathic form arthrogryposis exhibit characteristic posture. 
the cases where contractures are associated with primary defect the 
central nervous system, the postures may vary. The legs are frequently 
abducted the hip and extended the knee. None the cases verified 
neurogenic origin have shown the 
deformities the hip and knee that are seen the myopathic group. 

subsequent observations bear out the contention that there 
characteristic posture the myopathic form arthrogryposis, then this 
becomes important point clinical diagnosis which has not been given 
sufficient attention heretofore. 

The genetic features congenital origin the 
muscle disease our cases, well those the literature, obvious. 
However, only limited number observations have been made regarding 
the hereditary pattern arthrogryposis. Howard’s case, which the 
arthrogryposis was due myopathy, the affected infant had male 
twin who died birth; deformity the feet was noted the twin but 
autopsy was performed. Arthrogryposis multiplex has been reported 
female twins Lipton and Morgenstern (1955). Clinically the abnormal 
postures appeared the type associated with muscular disease but 
there was pathological examination substantiate this diagnosis. 
the other hand, Hillman and Johnson (1952) described two sets 
identical twins which only one child each set had arthrogryposis. 
these cases, the flexion-adduction posture legs was absent that 
one would suspect central-nervous system lesion. Again there was 
pathological confirmation. Hauptmann and Thannhauser (1941) have 
described family which all members for three generations showed 
fixity the extremities position flexion and weakness the 
proximal musculature the limbs. The disease process was relatively 
non-progressive. pathological studies were done, however. Lowenthal 
(1954) described two families which the outstanding clinical feature 
was congenital immobility the large joints. Muscle biopsies disclosed 
atrophy muscle and increase the interstitial connective tissue, 
the latter change being regarded the primary defect. siblings 
females, male) were affected the first family and male siblings the 
second. 

Roberts (1929) described congenital deformity lambs which the 
limbs were fixed flexed posture. These deformities were inherited 
simple autosomal recessive factor. The pathological changes found 
these muscles were interpreted Middleton (1934) primary degenera- 
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tive process analogous the human muscular dystrophies later 
life. 

These sporadic observations would indicate that there hereditary 
factor the myopathic form arthrogryposis although the exact pattern 
inheritance remains elucidated. The important point made our 
cases that myopathic disease, presumbly dystrophy, can hereditary 
nature and have its onset life. 

The importance contracture clinical the most 
distinctive clinical features the disease under consideration the con- 
tracture muscles, and well review this subject the light our 
two cases. The term contracture, clinical practice, has been applied 
rather indiscriminately limitation movement joint, and, 
times even, disease the joint itself. Physiologists use the term con- 
tracture denote state continuous shortening muscle which 
independent repeated neural stimulation (tetanus) the contractile 
mechanism. 

fixed posture limb may result from number different 
conditions. Normal muscles, permitted remain for weeks shortened 
state, the splinting fractured limb, may resist stretching their 
normal length. The pathology this state unknown. fixed posture 
conditioned the unequal paralysis antagonistic muscles, 
poliomyelitis, peripheral neuropathy with denervation atrophy, 
may have similar effect. Under these circumstances, the relatively sound 
muscles which are responsible for maintaining the posture are permanently 
shortened. Finally, limitation movement progressive muscular 
dystrophy and polymyositis results permanent shortening due fibrosis 
the muscle. Contracture therefore not feature any one particular 
muscular disease. 

the several infantile diseases which cause atrophic paralysis 
noteworthy that contracture rarely seen spinal muscular atrophy 
and rapidly progressive congenital muscular dystrophy. The reason 
for this that contracture appears depend upon inequality 
involvement antagonistic muscle groups leading fixation posture 
over considerable period time. The diseases which most readily 
reproduce these conditions are slowly progressive muscular dystrophy and 


infantile polymyositis. the congenital maldevelopments associated\ 


with contracture, club foot and other similar deformities are the con- 
ditions most frequently encountered. 

The relationship, our first case, the muscle fibre loss and fibrosis 
the contracture deserves comment. The loss muscle fibres and the 
replacement endomysial connective tissue was more prominent the 
extensors the hips and legs than the flexors, and was present only 
slight degree the distal musculature. The adipose and fibrous con- 
nective tissue replacement was most striking the glutei. the extensors 
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the hip and knee, the fibrous connective tissue not only replaced tissue 
areas where muscle fibres had disappeared but also enclosed the small 
fibres within the fasciculi. This increase endomysial fibrous tissue was 
more than could expected from simple condensation tissue 
area atrophy, and the fibrosis appeared directly related the loss 
bulk muscle fibre. the flexors the hip and knee, the other hand, 
the fibrous tissue not only permeated fasciculi where there was little fibre 
damage but also outlined the fasciculi. This increase perimysial and 
endomysial fibrous connective tissue, contrast the extensors, was 
not directly related loss muscle fibre bulk. Fatty replacement, 
especially intrafascicular, occurred only the muscles suffering severe 
fibre loss—that is, the glutei, rectus femoris and semitendinosus. 

the second sibling, there was clinical evidence arthrogryposis, 
and that infant the increase interstitial connective tissue, where 
present, was mild. The abnormalities posture our first case were 
consistent with the pathological findings—the atrophic extensors being 
overcome the better preserved flexors. our first case the greatest 
amount connective tissue was found the muscles that were shortened, 
suggesting that fibrosis was the basis the contracture. 

The syndrome muscular weakness, atrophy and hypotonia the new 
evident from the clinical and pathological findings our 
second case that infant born with myopathy may present hypotonic, 
flaccid weakness without contracture. Moreover, hypotonia and contrac- 
ture have been reported the same patient (Stoeber, 1938; Ullrich, 1930; 
Turner, 1940; Oppenheim, 1900). would appear that congenital 
myopathy may present with contracture, with hypotonia, mixture 
both. One the points raised for discussion our second case 
concerns the differential diagnosis the group diseases characterized 
congenital hypotonic weakness. While several pathological entities 
may responsible for this weakness, they may indistinguishable 
clinical grounds. 

group infants with flaccid weakness from birth exemplified 
the family studied Turner. the siblings, were affected with 
congenital hypotonic weakness. The affected siblings also had 
slight contracture the fingers with the 
metacarpophalangeal joints. The course the disease 
improvement, that residual weakness was confined the 
proximal musculature. Autopsy one affected sibling, who suc- 
cumbed age from endocarditis, revealed normal central 
nervous system, the pathological changes being confined muscles. 
These changes represented primary myopathy. Turner compared his 
cases with those reported Silvestri (1909). The latter author described 
siblings who had hypotonic muscles from birth and aunt with facial 
scapular-humeral type dystrophy. One the siblings gradually 
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improved, that years age his clinical picture was that Erb’s 
type muscular dystrophy. There have been several other clinical- 
pathological studies (Spiller, 1905; Collier and Holmes, 1909; Lereboullet 
and Baudouin, 1909; Haushalter, 1920) which the course the con- 
genital myopathy has been relatively non-progressive, the infants 
succumbing pulmonary infection. Cases this type were originally 
classified Oppenheim’s amyotonia congenita. However, the term 
“amyotonia congenita” lacks precise definition and now generally 
recognized include group diseases characterized congenital 
flaccid weakness, non-familial history and non-progressive course. 

Lange (1937) has also studied family infants with congenital 
hypotonic weakness, but rapidly progressive type. this family 
three six siblings were affected from birth. Paralysis progressed rapidly 
death over three-month period. Pathological examination one 
affected infant disclosed normal central nervous system, ‘but the 
muscles studied there were small fibres, fatty infiltration, random hyper- 
trophied fibres, disappearance striations, centrally placed nuclei, and 
increase number sarcolemmal nuclei. DeLange concluded from 
these changes that the siblings represented neonatal form Erb’s 
progressive muscular dystrophy. Councilman and Dunn (1911) reported 
clinical pathological study similar case. 

not wish leave the impression that all instances hypotonic 
flaccid weakness infants can accounted for cases our type 
those Turner, Silvestri and DeLange. These are relatively rare 
comparison with Werdnig-Hoffmann’s disease infantile spinal muscular 
atrophy. This disease characterized atonia, areflexia and generalized 
flaccid weakness, usually appearing after several months life; however, 
may present from birth (Beevor, 1902; Wimmer, 1907; Batten 1910; 
Krabbe, 1920; Brandt, 1950). The familial history and malignant course 
are characteristic but the distinction from the rapidly progressive form 
congenital muscular dystrophy can only made from the pathological 
findings, i.e. the degeneration anterior horn cells and denervation 
atrophy muscle. 

Other diseases may responsible for flaccid weakness the newborn. 
Myasthenia gravis appearing the neonatal period presents problem 
diagnosis since the mother also afflicted. The same true for 
congenital poliomyelitis. probable that polyneuritis 
myositis may also result congenital weakness. Trauma with hemor- 
rhage into the spinal cord birth resulting flaccid paralysis has been 
reported (Beevor, 1902) clinically simulating congenital spinal muscular 
atrophy. addition these, there are feeble infants with thin muscles, 
whom the most careful investigation fails disclose the etiology. 

The two siblings presented this paper represent congenital 
myopathy. only one infant were the clinical features arthrogryposis 
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manifest, and that sibling the clinical appearance the contractures 
suggested myopathic origin. The dystrophic appearance muscle 
each case, combination with the familial history would allow 
classify this disorder congenital dystrophy. not possible say 
from the clinical evidence presented and the basis present-day 
histological techniques whether these two infants represent more severe 
form the congenital familial non-progressive myopathy described 
Turner (1949), whether this form congenital dystrophy separate 
entity. 
SUMMARY 

clinical and pathological findings two male siblings with 
congenital myopathy are presented. The pathological changes both 
cases were identical those seen progressive muscular dystrophy. 

(2) one sibling, immobility joints and abnormalities posture 
(arthrogryposis) were the striking clinical features. Where arthrogryposis 
the result myopathy, the abnormal postures have characteristic 
distribution and appearance. The greatest amount connective tissue 
was found the muscles that were shortened, suggesting that fibrosis 
was the basis the contracture. 

(3) the second sibling there was hypotonic flaccid weakness 
without contracture. 

(4) Arthrogryposis multiplex congenita well congenital weakness 
and hypotonia may result from any one number disease states. 
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LEGENDS FOR PLATES 
PLATE XLVIII 


Fic. (Case 1).—Post-mortem photograph illustrate the flexion adduction 
posture the limbs and the kyphoscoliotic deformity. (To included body 


article.) 


PLATE 


Fic. (Case Spinal cord There normal distribution anterior 
horn cells. Myelination anterior and post roots normal. (Loyex 15.) 
Anterior horn cells The size, shape and number are normal. There reactive 
gliosis. 250.) 


PLATE 


Fic. (Case 1).—A, Quadriceps femoris muscle cross section. (Phosphotungstic 
acid hematoxylin 200.) There striking variation fibre size. Endomysial 
fibrous connective tissue increased. Quadriceps femoris muscle cross section. 
(Phosphotungstic acid hematoxylin 400.) The diameters muscle fibres vary 
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PLATE 


Fic. (Case Sartorius muscle cross section. (Phosphotungstic acid 
200.) The fasciculi are well outlined dense band perimysial 
fibrous connective tissue. Sartorius muscle cross section. (Phosphotungstic acid 
400.) Muscle fibres are well preserved. There only slight variation 
fibre size. The increase perimysial connective tissue striking. 


PLATE 


Fic. (Case Gastrocnemius muscle—medial head. (Phosphotungstic acid 
hematoxylin 200.) There moderate variation fibre size. The increase 
endomysial connective tissue and number sarcolemmal nuclei evident. 
Gastrocnemius muscle sectioned through the belly. (Phosphotungstic acid hematoxylin 
400.) comparison with above section taken from the same muscle, the fibres 
are normal size. There only mild increase sarcolemmal nuclei. 


PLATE 


Fic. (Case Quadriceps muscle (Glees 460.) Intramuscular nerve fibres 
are normal. Gluteus medius. (Phosphotungstic acid hematoxylin 200.) 
Relatively few muscle fibres remain. There replacement fibrous and adipose 


connective tissue. 


PLATE LIV 


Fic. (Case Hamstrings. and eosin 200.) The variation 
size muscle fibres and increase number sarcolemmal nuclei are prominent. 


Extra medullary can seen. Hamstrings. and eosin 
400.) The diameter fibres varies from Small fibres can seen with 
centrally placed nuclei. Hamstrings. and eosin 500.) The 
variation fibre size and centrally placed nuclei are prominent. Compare with normal 


muscle—fig. 


PLATE 


Fic. (Case Control muscle from full term infant who died hours 
after birth. There very little variation size fibres. and eosin 
450.) Control muscle—hamstrings. Sarcolemmal nuclei are mildly increased. 
Fibre size relatively constant. and eosin 400.) 


PLATE XLVIII 


illustrate article Betty Banker, Maurice Victor and Raymond Adams. 
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PLATE XLIX 


Fic. 
illustrate article Betty Banker, Maurice Victor and Raymond Adams, 


illustrate article Betty Banker, Maurice Victor and Raymond 
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illustrate article Betty Banker, Maurice Victor and Raymond Adams. 
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PLATE LII 


illustrate article Betty Banker, Maurice Victor and Raymond Adams. 
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illustrate article Betty Banker, Maurice Victor and Raymond Adams. 


PLATE LIV 


illustrate article Betty Banker, Maurice Victor and Raymond Adams. 
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illustrate article Betty Banker, Maurice Victor and Raymond Adams. 
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FURTHER STUDY VISUAL-SPATIAL AGNOSIA 


GEORGE ETTLINGER, ELIZABETH WARRINGTON ZANGWILL 


(From the Psychological Laboratory, Institute Neurology, 
The National Hospital, Queen Square, London) 


INTRODUCTION 


1950, McFie, Piercy and Zangwill communicated cases visual- 
spatial agnosia associated with lesions the posterior portions the 
right cerebral hemisphere. This syndrome, previously defined Paterson 
and Zangwill (1944) cases brain injury, marked conspicuous 
failure analyse spatial relationships and execute simple constructional 
tasks under visual control. commonly associated with neglect 
the left half extra-personal space (Brain, 1941), deformation the optic 
co-ordinates (Lenz, 1944), oculomotor disabilities (Paterson and Zangwill, 
1944) and—more rarely—massive spatial disorientation and loss topo- 
graphical memory (Paterson and Zangwill, 1945). The locus the lesion 
provoking this syndrome rule occipito-parietal though some 
cases the right temporal lobe has been predominantly involved (Paterson 
and Zangwill, 1945; McFie al., 1950, Case 5). spite the occurrence 
somewhat similar clinical pictures with comparable lesions the major 
1926), was tentatively suggested McFie al. that the evidence might 
warrant linking certain aspects spatial loss more narrowly with lesions 
the minor hemisphere. the same time, was urged that decisive 
conclusion this point must await the outcome more extensive clinical 
study. 

The contentions McFie (1950) derive some support from the 
work Hécaen and his associates valuable series papers 
(Hécaen, Ajuriaguerra and Massonet, 1951; Hécaen, David, van Reeth 
and Clément, 1953; Hécaen, Penfield, Bertrand and Malmo, 1954, 1956; 
Hécaen and Ajuriaguerra, 1955a and the first these papers, the 
authors communicate cases which the pattern disability virtually 
identical with that described McFie al. (1950). The patients were 
uniformly right-handed and all the right occipito-parietal region was 
predominantly involved. Whilst regarding the visual-constructive defects 
the “kernel” the syndrome, Hécaen (1951) directed special 
attention the possible role central vestibular disorder their origin. 
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They also pointed out that none their patients, unlike those McFie 
al., has sustained appreciable impairment topographical memory. 
But with this reservation they accepted the syndrome defined 
al. characteristic right posterior hemisphere involvement 
right-handed individuals. More recently, this conclusion has been 
reaffirmed the basis much more extensive clinical material (Hécaen 
and Ajuriaguerra, and 

joint report from the Montreal Neurological Institute, Hécaen 
al. (1954) discuss the principal findings cases posterior cerebral 
excision for the relief focal epilepsy. The excision involved the right 
hemisphere cases (all right-handed) and the left hemisphere 
(both left-handed). Characteristic disorders spatial perception and 
performance—termed these authors the 
—were established the cases with right-sided lesions, but were 
conspicuously absent the cases with left-sided lesions (see also 
Humphrey and Zangwill, 1952). noteworthy that the patients with 
right-sided excisions presented clear-cut loss topographical memory. 
With regard the locus the lesions, the authors point out that 
cases which the visual-spatial disorder was maximal the excisions 
involved the supramarginal and angular gyri and the posterior portion 
the first temporal convolution. this connexion, they call attention 
the incidence grossly similar defects following bilateral parieto- 
temporo-occipital ablations monkeys (Blum, Chow and Pribram, 
1950). conclusion, suggested that the right parieto-temporo- 
occipital area man has functional significance regard visual space 
perception comparable to—though not identical with—that the cor- 
responding area the left hemisphere. more detailed account these 
findings has since been presented (Hécaen 

shortcoming the studies reviewed above that adequate control 
group patients who have sustained comparable lesions the major 
hemisphere has been presented. This failing is, however, remedied some 
extent extensive report the symptomatology parietal lobe 
tumours assembled Hécaen, David, van Reeth and Clément (1953). 
survey cases, the authors report that visual-constructive defects 
were elicited out cases with right-sided lesions (26 right-handed 
and ambidextrous) but only out cases with left-sided lesions 
(all right-handed). the cases right-sided lesion, the defects 
question presented with neglect the left half extra-personal space 
cases), dressing dyspraxia cases) and unilateral disorders the body- 
scheme cases). the cases left-sided lesion, visual-constructive 
defects were associated either with Gerstmann syndrome with aphasic- 
apraxic disorders conventional type. Although Hécaen al. (1953) 
not consider possible—on present evidence least—to differentiate 
between visual-constructive disorders arising from left-sided and right- 
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sided lesions respectively, they are clearly the opinion that constructional 
apraxia, dressing disability and unilateral neglect phenomena are more 
frequent, more outspoken and more persistent cases which the 
parietal lobe the subordinate hemisphere 

most important contribution our understanding parietal lobe 
syndromes the paper perceptual rivalry Denny-Brown, Meyer 
and Horenstein (1952). the basis intensive study single 
case, these authors conclude that all defects typically found with right 
parietal lesions are interrelated and may ascribed unilateral 
defect spatial summation. The latter envisaged purely physio- 
logical process which underlies the perception form, both visual and 
tactual, and makes possible accurate localization space. it, the 
name has been given. Defects this function are 
regarded unilateral, relative degree, and associated with corres- 
ponding local apraxia The phenomena 
which may accompany parietal lesions either hemisphere, 
should, the authors’ view, sharply distinguished from absolute, 
bilateral special agnosias resulting from lesions the conceptual mechan- 
ism the dominant hemisphere” (Denny-Brown al., 1952, 469). 
their interpretation correct, follows that the “‘apractognosic 
those aspects held McFie, Piercy and Zangwill 
(1950) imply bilateral psychological deficit—are attributed 
unilateral integrative defect the physiological level. this view, too, 
special role can ascribed the right hemisphere the control 
visual space perception. 

cannot denied that Denny-Brown’s contentions derive strong 
support from the admirable analysis given the findings his own case. 
Further, more recent case right parietal syndrome has found satis- 
factory interpretation the same terms (van Reeth, 1953). Nonethe- 
less, would urge that not all the deficits commonly found with right 
parietal lesion can attributed phenomena 
the first place, disorders spatial judgment not bear one-to-one 
relation the phenomena extinction and the more massive forms 
unilateral neglect (anosognosia and related syndromes). Thus one the 
patients described McFie, Piercy and Zangwill (1950) presented 
gross visual-constructive disorder the absence any ascertainable 
neglect the left half extra-personal space. Again, Gilliatt and Pratt 
(1952) report that disorders visual perception and performance 
their case right-sided cerebral thrombosis long outlasted unilateral 
spatial neglect and did not appear referable, wholly least, this 


1This opinion finds qualified support Critchley’s monumental survey parietal 
lobe syndromes (Critchley, 1953, pp. 199-202, 391-402). Critchley is, however, 
rightly cautious adducing differences function between the two parietal lobes 
apart from those conventionally associated with hemisphere dominance. 
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disability. the second place, disorders ex- 
cluding topographical memory—occur with sufficient frequency cases 
right-sided lesion for one doubt the claim that topographical con- 
ceptions are the prerogative the major hemisphere (Claparéde, 1899; 
Paterson and Zangwill, 1945; Zangwill, 1951; Critchley, 1953). the 
third place, neglect phenomena are generally admitted very much 
more apparent with right-sided than with left-sided parietal lesions and 
the concept its present form least, provides 
explanation this discrepancy. True, case 
from left parietal lesion has been described (Denny-Brown and Banker, 
1954) but this case there was neither visual (as opposed tactile) 
neglect nor any significant disorder visual space perception. Despite 
its salutary freshness, would appear necessary view Denny- 
Brown’s interpretation parietal lobe syndromes with appropriate reserve. 

The problem spatial agnosia has attracted renewed attention the 
German literature, more especially view the novel contentions 
Eberhard Bay (1950, 1953, 1954). keeping with the traditional distinc- 
tion between and “conceptual” levels psychological 
response (cf. Stout, 1938), this author draws sharp distinction between 
what calls and space. The former regarded 
the outcome direct experience, the latter conceptual analysis. Dis- 
orders space, e.g. loss spatial orientation, Bay (1954) 
ascribes high-grade functional lability the visual apparatus (patho- 
logischer Funktionswandel), with without concomitant defect general 
intelligence. This loss visual efficiency, which may present bilaterally 
from unilateral lesion, held constrain what severe cases may 
amount concentric constriction the visual fields. The 
visual thus rendered virtually tubular and loss spatial orienta- 
tion almost inevitably results. Disorders space, the other 
hand, are viewed Bay essentially conceptual nature and second- 
ary overall confusion dementia. They may expressed failure 
represent spatial relationships, read maps recall topographical 
schemata. Cases the type reported McFie al. (1950) are viewed 
Bay presenting conceptual disorders which purely visual deficits 
play negligible role (though vestibular factors may not without some 
significance). correspondingly rejects the notion “visual-spatial 
distinctive clinical entity. 

drawing attention the need for full visual-sensory examination 
cases agnosia generally agreed that Bay has performed most valu- 
able service. the same time, open grave doubt whether his 
interpretation does full justice the specific character the classical 
agnosic syndromes (cf. Jung 1948). the case visual-spatial 
disorder, particular, the evidence cannot said favour the view 
that general intellectual impairment plays significant role. Such impair- 
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ment was specifically excluded least two the cases reported 
(1950, Cases and and can hardly adduced personal 
case briefly communicated Bay himself (Bay, 1954). With regard the 
visuo-sensory and vestibular defects, the other hand, may certainly 
agreed that psycho-physical testing adequate reveal them has not 
rule been undertaken previous investigators. this connexion, 
obviously incumbent upon Bay’s critics submit their patients 
the methods examination which advocates. 

Among other recent studies bearing spatial disorder may men- 
tioned two papers Duensing (1953, 1954) and monograph Faust 
(1955). his first paper, Duensing (1953) contrasts the patterns con- 
structional disability associated with spatial agnosia and ideational dys- 
praxia respectively. the former, the pattern breakdown essentially 
that described earlier communications (Paterson and Zangwill, 
1944; McFie, Piercy and Zangwill, 1950). the latter, the other hand, 
approximates more closely the classical picture constructional 
apraxia (Strauss, 1924; Critchley, 1953). his second paper, Duensing 
(1954) turns his attention more specifically spatial agnosia itself. Two 
cases are reported which deficits the kind described McFie al. 
(1950) are analysed some detail. The lesion was bilateral the first 
case and unilateral (right occipitoparietal) the second. explanation, 
Duensing adduces first, defect visual attention, shown especially 
failure integrate the data furnished successive fixations visual 
and secondly, memory weakness limited spatial relationships. 
These two defects, though usually found together, may occasion 
present independently, certain cases described the literature 
(Poetzl, 1928; McFie 1950). Duensing also notes failure simul- 
taneous perception, assembly and construction, and long-term 
topographical memory. Bay’s interpretation spatial agnosia, while 
viewed with sympathy, regarded inadequate explain the major 
features the syndrome. 

The material assembled Faust (1955) for the most part comprises 
cases bilateral brain injury. discussing unilateral injuries, however, 
this author points out that constructional defects are found predomin- 
antly with lesions the minor hemisphere. this apparently 
agreement with Critchley (1953, pp. 201, 393). the same time, 
stresses the fact that minor hemisphere injuries seldom produce permanent 
visual-spatial loss—with the sole exception neglect the left half 
extra-personal space, which often persistent (cf. Humphrey and Zang- 
will, 1952). This contrasts with the more severe and long-lasting dis- 
abilities produced posterior injuries the major hemisphere. 

their original study, McFie (1950) took the view that the defects 
perception and orientation which they drew attention were specific 
the visual modality. was pointed out, for instance, that one the 
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patients could always tie his tie correctly except when regarding himself 
the mirror, suggesting that kinesthetic control complex actions 
was unimpaired. the light more recent studies, however, one may 
doubt whether the disorder genuinely Thus Pratt 
and Gilliatt (1952) report that their case right cerebral thrombosis 
had almost equal difficulty performing stylus maze test with eyes 
closed with eyes open. More recently, Semmes, Weinstein, Ghent and 
Teuber (1955) have described the results given cases traumatic 
brain damage special test spatial orientation which yields compar- 
able scores for visually-guided and tactually-guided behaviour. They 
point out that the group with lesion the parietal lobes (23 cases) was 
significantly inferior the test non-brain-damaged control group 
(17 cases) and group which the lesions did not encroach the 
parietal lobe. This inferiority the parietal group was equally marked 
when the test was given tactual visual form, suggesting that the 
orientation defect did not arise exclusively visual basis. the 
disorder appears specific neither for modality nor for executive function, 
the authors suggest that should classed neither agnosia nor 
apraxia. Whereas appears likely that orientation defects parietal 
cases reflect generalized integrative disorder, may nonetheless call 
attention the overwhelming importance visual factors spatial 
orientation and manipulative skill. For this reason, perhaps permis- 
sible retain the term agnosia” indicate breakdown 
these fields performance. the same time, further analysis non- 
visual factors spatial performance obviously required. 

propose the present paper communicate cases right-sided 
posterior cerebral disease right-handed patients, all whom presented 
varying degree the syndrome agnosia defined 
McFie, Piercy and Zangwill (1950). Our intentions are first, determine 
whether, and what extent, this condition due diminished 
visual efficiency the sense Bay (1953, 1954); secondly, decide 
whether its main features can ascribed purely unilateral impairment 
proposed Denny-Brown al. (1952); 
and thirdly, investigate whether spatial defects the conceptual level 
may constrained lesions limited the minor hemisphere alone. 
hope deal with the relation the syndrome deficits produced 
comparable lesions the major hemisphere forthcoming com- 
munication. 

REPORTS 
Case (N.H. No. 55605) 

foreman, aged 61, was admitted under the care Dr. Meadows. His com- 
plaints were weakness and clumsiness the left hand, difficulty dressing, slight 
weakness the left leg, and occasional headaches. There had been one episode 
loss consciousness after experiencing strong abnormal smell. The patient was fully 
right-handed and knew left-handedness his family. 
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neurological examination, the patient was found have complete left homony- 
mous hemianopia confrontation. V.A.R. J2; V.A.L. (corrected). Some blurring 
the nasal margin the right disc, the left within normal limits. External ocular 
movements full with squint diplopia. Slight generalized weakness the left 
arm and leg and impairment fine movements the left hand. Marked inco- 
ordination finger-nose and heel-knee tests with eyes closed. Tendon reflexes brisker 
left; left plantar response extensor. Sensory findings comprised slight diminution 
response pin-prick the left hand and foot and inattention the left bilateral 
simultaneous stimulation; slight impairment light touch the left hand (though 
not elsewhere); defective tactual localization and two-point discrimination the 
fingers the left hand; and grossly defective appreciation posture the left arm 
and leg. dysphasia, dysarthria dyspraxia. 

examination Dr. Macdonald Critchley, some left-sided dystereognosis and 
impairment tactile adaptation were established. Dr. Critchley also noted neglect 
the left drawing and enumerating objects the Poppelreuter Mischbild. 

Examination visuo-sensory efficiency was carried out means battery 
special psycho-physical procedures described detail elsewhere (Ettlinger, 1956). 
These comprised differential brightness sensitivity, acuity for small objects, local 
brightness-adaptation (Bay, 1950), flicker-fusion, tachistoscopic acuity, and strobo- 
scopic movement perception. Examined representative points the unaffected 
areas the visual fields, the patient was found show moderate, though not excessive, 
impairment all tests, especially marked local adaptation, acuity for small objects 
and tachistoscopic acuity. 

order study the adequacy form perception the intact areas the visual 
field, series simp!e geometrical forms were exposed tachistoscope such 
way appear just the right the fixation point. Angular separation the test 
object and fixation point was about degrees. With exposures sec., was found 
that the patient was able identify the forms without difficulty but made appreciable 
errors localization. Thus form was commonly located just below the fixation point 
instead level with and the right. Errors were also made appreciating the 
orientation figures; tilted figures were reproduced erect and diamond always 
reported square. the other hand, the patient was able identify meaningful 
displays (pictures, playing-cards) with normal speed and accuracy. 

examination visuo-constructive functions, was found that the patient could 
copy very simple designs but was unable represent perspective, e.g. cube. His 
drawings common objects plans from memory showed characteristic dis- 
articulation and piecemeal procedure. Match-stick designs were poorly copied, the 
patient being unable complete even those parts the assembly his right-hand 
side. was unable complete any the Kohs block designs. The patient was slow 
and awkward tying knots and was often satisfied with mere twists the string. 
His skill darts (at which had formerly been exceptionally proficient) was not 
grossly impaired, apart from some neglect the right side the board. 

Neglect the left half visual space was clearly brought out the patient were 
asked count objects scattered random the table dots marked unevenly 
large sheet paper. Allowing the patient count with his forefinger did not 
improve the accuracy performance. special test was devised (in conjunction with 
Dr. Hood) ascertain whether this patient’s unilateral neglect was due failure 
turn his eyes towards objects lying his left-hand side. The patient, together with 
screen which number objects were depicted, was accelerated rotating 
chair degrees and degrees The display subtended degrees arc. 
was found that the direction acceleration had effect the patient’s tendency 
neglect objects shown the left-hand side the display. This result suggests that 
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unilateral neglect occurs even under conditions which the patient constrained 
opto-kinetic nystagmus fixate objects the left half extra-personal space. 

Orientation for right and left was found intact with regard the patient’s own 
body but mistakes were frequently made with regard the examiner’s left and right 
sides. There was obvious loss topographical memory and orientation within the 
hospital was adequate. 

Conceptual spatial tasks were poorly executed. The patient was given number 
tests modelled the Stanford Binet sub-test L-XIV.5. 
these tests, understanding both laterality and compass directions required, 
e.g. “If you are facing south and turn left, what direction are you facing now?” 
was found that the patient could succeed problem but invariably 
failed two more turns were required. 

order study more subtle forms geometrical analysis, the patient was given 
some simple problems adapted from early intelligence test (Abelson, 1911). The 
patient confronted with two more partly overlapping geometrical forms and 
required indicate with pencil the area overlap. Although the patient could 
identify the individual forms and trace their respective outlines with the greatest ease, 
always failed under conditions which the number overlapping forms exceeded two 
(fig. 1). This would appear indicate defect spatial judgment the absence 
agnosia” the strict sense. 


Fic. (Case 1).—Three attempts indicate the area common three overlapping 
figures (Abelson’s test). 


The patient failed both parts the Stanford-Binet subtest 
and could not explain the correct solution either part the examiner. 

the Wechsler-Bellevue vocabulary test, the patient’s score was 1:25 above 
mean, indicating presumptive high-average premorbid intelligence level. solved 
the Weigl sorting test adequately. There was little indication general intel- 
lectual loss. 

skull X-ray revealed moderately heavy and diffusely calcified focus lying deep 
within the right parietal lobe and measuring about cm. from above downwards. 
cm. antero-posteriorly and 2-3 cm. from side side. The presence large 
angioma situated the territory the middle cerebral artery was established right 
carotid anteriogram. This was considered inoperable. 

Case well-developed posterior parietal lobe syndrome was associated with 
right parietal angioma fully right-handed man. Neglect the left half extra- 
personal space, dressing dyspraxia and visual-constructive defects the conventional 
typ2 were particularly pronounced. especial interest the fact that psycho-physical 
examination the visual fields revealed moderate degree overall impairment 
differential sensitivity. This did not, however, preclude prompt and accurate recogni- 
tion form and pattern, even under conditions very brief exposure. Further, some 
evidence spatial disorientation the intact right half-fields was established 
tachistoscopic examination. Although neglect the left half extra-personal space 
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was very pronounced, there was evidence that not all visual-constructive defects could 
attributed this factor. There was also evidence selective defect conceptual 
tasks demanding proper appreciation spatial relationships. the other hand, 
topographical memory was intact. 


Case (N.H. No. 53059) 

right-handed clerk, aged 57, was admitted under the care Dr. Macdonald 
Critchley. His complaints were blackouts, headache, impairment memory, and 
weakness and unsteadiness the left limbs. 

Five weeks previously, the patient had brief episode confusion, following which 
found himself slow and awkward dressing and manipulating objects— 
especially rolling his cigarettes. also noticed difficulty seeing the left, and his 
wife reported that made errors reaching for objects his left-hand side. 
had had occasional without loss consciousness but associated with 
weakness and unsteadiness the left side. His memory for recent events had become 
appreciably impaired. 

neurological examination, the patient was found have left homonymous 
hemianopia. V.A.R. J2; V.A.L. (corrected). Fundi: Vessels showed arteriolar 
tortuosity and early arteriovenous compression. External ocular movements full 
with squint diplopia. nystagmus. Slight weakness the left deltoid and hip 
flexors. Co-ordination normal and equal both sides. Tendon reflexes brisker 
left; abdominals present and both plantar responses flexor. Touch, pain, temperature 
and vibration everywhere perceived well single stimulation but marked extinction 
touch and pin-prick the left. After repeated double stimulation, single stimulus 
the left might ignored displaced the right side 
movement reported slowly, with occasional mistakes the left, especially the toes. 
dysarthria dysphasia. 

examination Dr. Macdonald Critchley, marked dressing dyspraxia was 
elicited, particularly outspoken the patient were given his clothes inside out. 
had also difficulty tying his shoe-laces. Dr. Critchley was further able demonstrate 
some dystereognosis the left hand and gross impairment visual-constructive tests 
(Kohs blocks, formboards and tri-dimensional constructional tasks). His map-reading 
was poor” and descriptions familiar routes London clearly inadequate 
(on one occasion had lost his way the street). There were indications direct- 
ional predominance optokinetic nystagmus towards the right. 

tachistoscopic examination (Dr. Ettlinger), the patient showed some retarda- 
tion perceiving forms exposed the right the fixation point (i.e. within the 
perimetrically intact half-field). Some errors were made localization the material 
with reference the fixation point. 

examination distance perception (Mr. Jackson), the patient was unable 
align movable rod with two fixed rods the same distance from him. Indeed, 
perception motion the sagittal plane appeared defective and the results the test 
were consequence difficult evaluate. Using static objects, was found that 
relative distance judgment was distinctly poor but not severely impaired warrant 
description visual disorientation (Holmes, 1919). Tests setting movable rod 
the vertical and horizontal positions with eyes open and shut revealed some de- 
formation the visual co-ordinates, described Lenz (1944). 

visual-constructive tests, the patient was found exhibit fairly marked unilateral 
neglect, which led relatively greater difficulty completing the left side drawing 
mosaic compared with the right. drawing map England (fig. 2), the patient 
drew first the east and then the west coast-lines but failed join the two halves 
the drawing. His difficulty with Kohs blocks did not, however, appear wholly refer- 


XUM 


344 GEORGE ETTLINGER, ELIZABETH WARRINGTON AND ZANGWILL 


Fic. (Case 2).—Drawing map England showing disconnexion 
left and right sides. 


able neglect the left and appeared unable analyse the presented model 
manner which would permit its reconstruction. was unable represent either 
verbally drawing the correct solutions the Stanford-Binet 
subtest. Descriptions familiar topography were very poor and the patient complained 
that his powers visualization had diminished and that had recently ceased 
dream (cf. Humphrey and Zangwill, 1951). the other hand, performance tests 
“abstract was reasonably adequate. The Weigl test was executed satis- 
factorily. 


EEG examination (Dr. Cobb), very extensive right-sided lesion was 
suggested the abnormal slow activity the right, maximal the parieto-temporal 
region, and the absence normal rhythms that side. The presence right 
arteriography and ventriculography. The patient became increasingly drowsy, restless 
and confused, and died two months after admission. 


post-mortem examination (Dr. Mair), carcinoma was present the 
left bronchus. right temporal decompression had been twelve days prior 
death and the temporal muscle adhered the leptomeninges the right temporal 
lobe. The right cerebral hemisphere was enlarged. The central white matter was swol- 
len and small circumscribed hemorrhage was present the anterior part the 
upper temporal gyrus. Infarction the region the Island Reil and the lentiform 
nucleus had taken place. needle track present the inferior part the lentiform 
nucleus extended backwards involve the white matter above the left temporal horn 
the level the external geniculate body. The white matter around the track was 
yellowish. secondary carcinoma about cm. diameter occupied the posterior 
part the temporal lobe and most the occipital lobe. The tumour the occipital 
lobe involved most the white matter and the cortex the medial aspect: the cortex 
the lateral aspect did not appear invaded neop!asm. naked-eye lesion 
was seen the left hemisphere brain-stem. 


The principal features interest are neglect the left half visual 
space, dressing dyspraxia, visual-constructive disability, and definite impairment 
topographical memory with impoverished visual imagery and cessation dreaming. 
mild disorientation central vision was brought out laboratory tests. 
necropsy, secondary tumour deposits were found the right occipital lobe, extending 
into the posterior part the temporal lobe, with involvement its deeper portions 
and certain diencephalic structures. 
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Case (N.H. No. 56534) 

right-handed woman was admitted under the care Dr. St. Elkington 
complaining long-standing headaches, infrequent blackouts and recent difficulty 
seeing the left. 

neurological examination, the only abnormalities present were partial left 
homonymous hemianopia (with extinction the intact areas the left half-fields) 
and slightly brisker tendon reflexes the left than the right. Central visual acuity 
J2, both eyes. 

Plain X-rays the skull showed large intracranial calcified mass the right 
occipital region and right carotid arteriography indicated that the lesion extended 
further forward than would appear from the area calcification. 

EEG record (Dr. Cobb) gave evidence slow wave focus the right 
parieto-temporal region, with replacement the c/s alpha rhythm seen the left 
irregular c/s rhythm the right which did not block 

operation (Mr. Wylie McKissock), tumour was found extend forward from 
the right occipital lobe into the parietal region. radical excision could not 
carried out without damaging the sensory radiation, formal amputation the right 
occipital lobe was performed. Histological examination established the nature the 
neoplasm astrocytoma, Grade The patient made good recovery, without 
post-operative increase the neurological signs. 


Fic. (Case disorder the absence unilateral neglect: 
Copy stick-pattern; Bicycle drawn from memory. 
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Assessment visuo-sensory efficiency (Dr. Ettlinger) was undertaken both pre- 
and post-operatively. There was absolute loss beyond degrees the left half-fields 
all tests but little qualitative change the right and residual left fields. There was 
significant post-operative change the level visual efficiency. 

psychological examination six weeks post-operatively, the patient stated that she 
longer bumped into objects the left and now had difficulty dressing 
finding her way about the hospital. formal tests, the most significant finding was 
gross visual-constructive loss without manifest disregard the left half visual space. 
Match-stick tests were performed very poorly but without differential impairment the 
two sides the design (fig. 34). The patient was able count scattered objects without 
neglect those lying her left but was unable solve the Stanford-Binet 
subtest which requires fine visuo-spatial analysis. bicycle drawn 
from memory showed grotesque disorganization, with noteworthy confusion planes 
(fig. The patient could assemble the Manikin jig-saw correctly though very 
haltingly. She was able thread needle and knit well before her operation 
but had some difficulty tying knots. abnormality was revealed laboratory 
tests relative distance judgment. There was some indistinction left and right 
regard the examiner though not with regard her own body. 

Conceptual spatial tasks were poorly executed. the Abelson tests, the patient 
could indicate the area overlap two—though never three—geometrical forms. 
She also failed completely both parts the Stanford-Binet sub- 
test. The patient was found very poor indicating drawing compass directions 
and could not locate the principal cities blank map England. Tests 
orientation” were very poorly performed. Despite the patient’s statement the con- 
trary, was noticed that she was unable find her way from the ward the psycho- 
logical laboratory without assistance after some dozen visits spread over month. 
Topographical memory for her home town could not properly tested but was 
probably not grossly impaired. 

Tests general intelligence suggested overall deterioration but there was 
questionable defect arithmetic. 

notable feature Case the incidence severe visuo-spatial loss without 
significant defect elementary visual discrimination (brightness discrimination, 
peripheral acuity, flicker-fusion, etc.), unilateral neglect the left half extra- 
personal space. There was some evidence selective difficulty with spatial relation- 
ships the conceptual level but without defect topographical memory. 


Case (N.H. No. 53718) 

farmer, aged 49, was admitted under the care Dr. Denis Williams complaining 
one recent vertiginous attack, following which had been unsteady walking 
with tendency bump into objects his left. dragged his left leg, found dressing 
difficult and showed outspoken neglect the left side his body. one occasion 
his wife had put his left leg into bed had forgotten himself. 

The principal neurological findings were left homonymous hemianopia; visual 
acuity J10, both eyes; mild left and marked left-sided sensory impairment, 
with extinction. Tendon reflexes brisker left; left plantar response extensor. 

EEG report (Dr. Cobb) indicated rather low voltage disorganized 
record, with some slow activity all areas, maximal the right parieto-temporal 
region. 

Ventriculography indicated large right parietal space-occupying lesion; needling 
the right parietal area cyst was encountered depth 4cm. biopsy taken from 
this region established the nature the tumour glioma, Grade which was 
considered inoperable. 
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Assessment visuo-sensory efficiency (Dr. Ettlinger) revealed relatively severe 
impairment (with reference normal control data) the tests tachistoscopic 
acuity and acuity for small objects the right the remaining tests, 
however, performance was only slightly below normal standards. tachistoscopic 
examination, was found that the patient gave evidence mild disorientation 
central vision. Despite poor central acuity, recognition form and pattern was fully 
intact. 

psychological examination, the main findings were marked unilateral visual 
neglect, gross visual-constructive weakness and appreciable topographical memory-loss. 
Copying, drawing and assembly showed characteristic distortion, fragmentation and 
disorientation with regard the background (fig. and B). The patient was unable 


Fic. (Case 4).—Free hand drawings: Bicycle; Map England. 


copy star-shaped pattern composed eight matches solve the first problem 
the Kohs block series. simple finger-maze (adapted from Gilliatt and 
Pratt, 1952), the patient did rather better with eyes closed than with eyes open, though 
performance was poor under both conditions. was noteworthy that the patient, 
with eyes closed, appeared able explore the left-hand side the maze freely with 
his right hand but, with eyes open, was disinclined bring his right hand across the 
mid-line. This suggests that unilateral neglect space was essentially limited the 
visual sphere. There was also marked neglect of, and disinclination use, the left 
hand. Mild disorientation for left and right was present with regard the examiner 
though not the patient himself. 

Conceptual spatial tasks were poorly performed. The patient was unable execute 
the tests “‘paper cutting” and orientation” from the Stanford-Binet scale. 
the Abelson tests his results were equivocal. The patient failed completely 
orientate himself map central London (which knew well) and his des- 
criptions familiar routes and buildings were extremely sketchy. had great 
difficulty estimating the heights known buildings the distance between two 
adjacent localities well known him. ground plan his own house was poorly 
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drawn with obvious disconnexion rooms, etc. the other hand, little im- 
pairment was shown verbal tests intelligence, apart from selective defect 
arithmetic severe and circumscribed suggest focal dyscalculia. 

Case outspoken unilateral neglect (visual and sensory) and gross visual- 
constructive disorder were associated with right parietal cystic glioma. There was 
some conceptual spatial and topographical loss and indications focal dyscalculia. 


Case (N.H. No. 54645) 

49-year-old right-handed architect, was admitted under the care Mr. Harvey 
Jackson with complaints headache, blurring vision, collision with objects his 
left, inco-ordination the left arm and leg, and some impairment memory. 

neurological examination, the main findings were gross bilateral 
with hemorrhages and exudate; left homonymous attention defect; slight weakness 
the left arm and leg, with increased tone; tendon reflexes exaggerated the left; 
diminished acuity pin-prick the left arm, with extinction the left bilateral 
simultaneous stimulation, and impairment position sense the left side. Neglect 
the left arm was noticed dressing. 

psychological examination, the scores the Wechsler-Bellevue vocabulary and 
similarities subtests were S.D. above mean, suggesting superior premorbid intelli- 
gence level. Copying and drawing were not grossly impaired, apart from some degree 
unilateral visual neglect. visual form-board test was executed correctly and perform- 
ance Kohs blocks, although slow, was not grossly Although laboratory 
tests spatial judgment revealed abnormality, the patient complained appreci- 
able difficulty visual space perception: the judgment distance that 
fault, but instinctively the space allow judging distances, parking car.” 
Constructional disability was strikingly evidence when the patient was requested 
tie knots string parcel. tests were poorly performed. 
evidence topographical memory loss. 

EEG examination (Dr. Cobb) revealed diffuse right-sided abnormalities 
consisting almost continuous slow waves, some slower than c/s, focal the 
parietal region, and absence fast activity. These findings were reported con- 
sistent with rapidly developing lesion the right parietal region. The left side was 
comparatively normal. 

skull X-ray showed that the pineal was calcified and displaced approximately 
1-0 cm. the left the mid-line, indicating right hemisphere lesion. Chest X-rays 
showed multiple secondary neoplastic deposits widely disseminated both lung fields. 


Case (N.H. No. 46232) 

housewife, aged 45, was admitted under the care Sir Charles Symonds with 
complaints headaches, blackouts and giddiness. Her attacks giddiness were asso- 
ciated with apparent rotation objects. The patient also stated that when 
she looked high buildings she had the impression that they were about topple 
down her. 

neurological examination, the principal findings were minimal lower left facial 
weakness and minimal ataxia the left upper limb. Tendon reflexes brisker left than 
right. Visual fields full. 

otological examination, caloric responses were minimal the right and there was 
slight preponderance optokinetic nystagmus the right. spontaneous 
nystagmus. 

right carotid arteriogram suggested right hemisphere space-occupying lesion, 
confirmed ventriculography. 

operation (Mr. Wylie McKissock) right fronto-parietal meningioma was success- 


XUM 


VISUAL-SPATIAL AGNOSIA 349 


fully removed. Following operation, the patient presented moderate left-sided weak- 
ness affecting the face, arm and leg, but without gross neglect the left arm denial 
disability. She had also rather variable left attention-hemianopia and marked 
left-sided sensory impairment, with extinction. The sensory phenomena this case 
have been analysed detail Gilliatt (1955, Case 11). 

post-operative psychological examination, the patient’s score the Wechsler- 
Bellevue vocabulary test indicated low-average premorbid intelligence level. Unilateral 
visual neglect was present but insufficiently marked constrain gross defect stick 
and block-design tests. was noted that performance these tests was not signi- 
ficantly worse the patient was asked construct her pattern the left rather than 
the right the model and she did not fail complete the left sides the designs. 
Nor did she neglect the left-hand side the Poppelreuter Mischbild. Drawing and 
copying were much impaired and the patient was quite unable draw cube 
perspective. bicycle was drawn better from model than freehand (fig. 5). 


Model 


Fic. (Case —Copy bicycle. 


the tactual maze, performance was worse the left than the right irrespective 
which hand was used and whether the eyes were open closed. Reading the time 
was defective, with confusion between the two hands and some disorientation the 
clock-face (e.g. 4.35 for 7.20; 9.35 for 1.35). There was marked deformation the 
visual co-ordinates Lenz’s test but right-left disorientation any kind. 
manifest dressing dyspraxia. 

tachistoscopic examination, was found that form and pattern were adequately 
perceived but with incorrect location items presented just the right the fixation 
point. 

Conceptual spatial tasks were poorly performed. The patient was unable solve 
simple tests orientation” and attained score only progressive 
matrices. the other hand, performance the tests was adequate. 
There was apparent loss topographical memory. Level performance items 
the Wechsler-Bellevue battery sensitive deterioration gave evidence overall 
intellectual loss. The Weigl sorting test was executed faultlessly. 

The main points interest Case are unilateral neglect, moderate visual-con- 
structive and loss and some spatial impairment the conceptual 
level. The positive otological findings may have relevance the subjective visual 
symptoms and the marked deformation the visual co-ordinates. 


Case (N.H. No. 43289) 
surveyor, aged 50, right-handed, was admitted with six weeks’ history head- 
aches, with increasing unsteadiness and defective vision. 


neurological examination, the principal findings were gross bilateral 
with hemorrhages and exudate; left homonymous hemianopia extending the 
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fixation point; mild left hemiparesis; and generalized impairment superficial 
sensation over the whole left side the body. Visual acuity J8, both eyes. Left plantar 
response extensor. 

otological examination (Dr. Hallpike), preponderance optokinetic— 
and lesser degree caloric—nystagmus the right was established. This was 
reported consistent with widespread lesion involving the right temporo-parietal 
cortex. 

psychological examination, the patient’s score the Wechsler-Bellevue vocabu- 
lary test was above mean. There was, however, significant psychometric deterioration 
the Wechsler-Bellevue subtests arithmetic, similarities and block-design. 
sorting test was inadequately performed. 

Visual-constructive performance was exceedingly poor, with incompleteness the 
left half drawing and assembly tests. Gross left-sided neglect was also indicated 
tests vertical and horizontal reading (Gilliatt and Pratt, 1952), ringing drawing-pins, 
and plan-drawing. The patient was very poor the tactual finger-maze, significantly 
more with eyes closed. There was marked dressing disability. Conceptual spatial 
problems were poorly performed. 

Ventriculography indicated the presence neoplasm the right posterior parietal 
area, whose nature was established biopsy astrocytoma, Grade 

The patient gradually became confused and death took place one month after 
admission. 

post-mortem examination (Dr. Mair), the convolutions both hemis- 
pheres were found flattened. The right hemisphere was larger than the left 
and herniated under the falx. Uncal herniation was present both sides, but very 
marked degree the right. tumour was present the right parieto-temporal 
and occipital lobes, lying cm. behind the temporal pole and extending backwards 
for cm., its posterior limit being cm. from the occipital pole. The tumour involved 
mainly the white matter but the occipital region encroached the striate cortex. 
The essential white matter anterior the tumour was markedly swollen. Gross 
were not seen the substance the brain-stem. 


Case (N.H. No. 42738) 

business man, aged 49, was admitted under the care Dr. Elkington with com- 
plaints headache and difficulties work during the past year. 

neurological examination, the sole positive finding was incongruous left lower 
quadrantic field defect, slightly more marked the right eye. Fundi normal. 
impairment tone, power, co-ordination posture. Tendon reflexes normal; both 
plantar responses flexor. Touch, temperature and vibration perceived normally and 
loss postural sense fingers toes. impairment two-point sensitivity. 

psychological examination, the patient attained 125 the Wechsler- 
Bellevue verbal scale despite the fact that involving the perception and reproduction 
spatial relations were very poorly performed. errors were made tests count- 
ing scattered objects nor were there any other indications unilateral spatial neglect. 

Arteriography gave evidence large space-occupying mass the right posterior 
temporal region. Following biopsy, craniotomy was performed (Mr. Walsh) which 
disclosed cavity filled with old blood-clot extending forwards for about cm. and 
downwards towards the temporal lobe for cm. definite evidence tumour. 

The patient died from intracerebral hemorrhage four weeks after admission. 

post-mortem examination (Dr. Proctor), section the brain revealed 
large irregular cavity the right cerebral hemisphere, extending from about the level 
the posterior extremity the occipital horn the lateral ventricle forwards point 
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level with the corpora mammillaria. This cavity, roughly cm. length, was situated 
mainly the white matter the inferior part the parietal lobe where one point 
extended superficially involve the cortex. the medial aspect the cavity 
posteriorly was area greyish softening the white matter and this softened area 
was communication with well-defined lesion, containing blood clot, immediately 
superior the large cavity. obvious lesion was present the left cerebral hemis- 
phere. the pons, there was large area hemorrhage extending into the mid-brain. 

Cases and are principally interest far post-mortem verification 
available. Case despite some general intellectual loss, the stress the impair- 
ment fell upon visuo-constructive performance. This deficit was due tumour 
involving the parieto-temporo-occipital region the right hemisphere. Case 
left quadrantic field defect and appreciable visual-spatial loss were associated with 
right inferior parietal vascular lesion. This patient had sustained general deteriora- 
tion and his spatial deficiencies cannot therefore ascribed overall intellectual loss. 


Case (N.H. No. 33159) 

chemist, aged 48, was admitted under the care Dr. Purdon Martin with com- 
plaints left-sided visual impairment, attacks occipital headache and weakness 
the left arm and leg. 

neurological examination, the main findings were bilateral incom- 
plete left homonymous hemianopia; V.A.R. J2, V.A.L. J8; slight generalized weakness 
the left with increased tone the left leg; reflexes brisker left than right; and mild 
sensory impairment the left lower limbs. There was unilateral visual inattention 
but some disorientation the left half-fields. 

otological examination (Dr. Hallpike), spontaneous positional 
nystagmus was obtained. Caloric responses brisk, with slight directional predominance 
the right. Well-marked predominance the right the opto-kinetic responses. 
These findings were reported indicative lesion the right temporo-parietal 
cortex. 

psychological examination, the patient was found have I.Q. 126 the 
Wechsler-Bellevue full scale. None the less, visual-constructive defects were markedly 
evidence Kohs blocks, stick tests and drawing and copying. Representation 
perspective was obviously defective. Reproduction simple designs (though not 
words sentences) from immediate memory was grossly impaired. Conceptual 
spatial tests, including the Abelson tests, were adequately performed. change 
topographical memory. 

Ventriculography gave evidence space-occupying lesion fairly high the right 
hemisphere. biopsy taken from the right parietal region established its nature 
secondary carcinoma. 

Following biopsy, the patient reported formed visual hallucinations the left 
half-fields. These disappeared after two days but visual perseveration could demon- 
strated the left fields (Dr. Reinhold). this time, disorientation for right and 
left with regard the examiner, unilateral visual (and questionably auditory) neglect, 
extinction and disorientation the left dressing dyspraxia and visual- 
constructive defects were readily elicited. There was also definite impairment con- 
ceptual spatial problems, e.g. clock-hands, compass directions, though apparently not 
topographical memory (Dr. Pratt). 

The patient was discharged elsewhere for X-ray therapy but readmitted two years 
later with complaints pain the shoulder and general ill-health. had been 
able return work the meantime, discharging less exacting and responsible 
job with his old company. 

neurological examination, the principal findings were left homonymous inferior 
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quadrantic field some lower left facial weakness; increased tone the left arm 
and leg and slight decrease power the left hand; brisker tendon reflexes left than 
right, with both plantar responses extensor. abnormal sensory findings. There 
was still some visual perseveration the left lower quadrants. 

psychological examination, the patient reported that was still able carry out 
skilled microscopical and photographic work and did not miss objects any extent 
his left side. Visual-constructive defects were not now severe and the patient could 
draw, copy and execute block-design tests with reasonable adequacy. disorienta- 
tion for the examiner’s left and right sides, deformation the visual co-ordinates 
and dressing dyspraxia. Conceptual spatial problems were satisfactorily solved 
and the patient’s I.Q. the Wechsler-Bellevue full scale was 129. 

The patient gave graphic description his earlier difficulties dressing: just 
braces over shoulders but muscles wouldn’t what brain told them— 
When asked about the Kohs blocks, stated that: could visualize 
the patterns but just couldn’t it—I sat and twiddled the darned added 
that did not think that could have explained the required procedure anyone 
else this time—suggesting that the defect was not purely dyspraxic. 

This the case highly-trained scientist who showed clear-cut visual-constructive 
loss (in part reversible) association with right parietal secondary carcinoma. 
Prior radiation therapy, the patient presented for time more extensive disturb- 
ance, marked formed hallucinations and visual perseveration the left half-fields, 
neglect the left half extra-personal space, dressing dyspraxia and conceptual 
spatial loss. Topographical memory was not affected. Two years later, all these 
symptoms had receded and only minimal indications visual-constructive defect were 


elicited psychological tests. 


Case (N.H. No. 54117) 

intelligent right-handed woman, aged 43, was admitted under the care Dr. 
Macdonald Critchley. Her main complaints were visual disturbance—in which 
stationary objects her left appeared move—and mild headaches recent onset. 

neurological examination, the principal findings were complete left homonymous 
hemianopia confrontation; V.A.R. 6/6; V.A.L. 6/6; Fundi normal. other 
abnormal physical signs. Two weeks later, however, slight left facial weakness and 
slight relative weakness the left hand were elicited. The deep reflexes were not 
significantly increased and the left plantar response was flexor. 

Visual efficiency.—Perimetry with mm. test object revealed complete left 
homonymous hemianopia without macular sparing. Examination visual discrimina- 
tion the right half-fields the tests local adaptation, flicker-fusion, tachistoscopic 
acuity and differential brightness sensitivity revealed moderate degree overall 
visual impairment (Dr. Ettlinger). 

psychological examination, copying and drawing were performed adequately, 
without unilateral neglect. bicycle was drawn well, apart from failure represent 
perspective and the placing the pedals both front and back wheels. Map and 
plan-drawing were poor, though not excessively so. Kohs block designs were assembled 
without gross defect. Topographical memory was intact. 

Air encephalography demonstrated large right occipito-parietal space-occupying 
lesion, confirmed exploratory craniotomy. 

view the minimal grade disability, operative intervention was not considered 
expedient this juncture and the patient was discharged home. 

The patient was readmitted eighteen months later complaining episodes recur- 
rent vomiting recent onset, associated with generalized headaches and recent 


deterioration memory. 
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examination, the main findings were dense homonymous 
hemianopia, with but minimal macular sparing; V.A.R. and L.6/6 (uncorrected). 
Fundi normal. Power generally diminished all movements the left upper limb. 
Left plantar response times extensor. Some errors appreciation fine move- 
ments the left toes and two-point discrimination the left hand. Inattention 
left bilateral simultaneous tactile stimulation. dysphasia dyspraxia. 


psychological examination, unilateral neglect the left half visual space was 
now very pronounced and constrained good deal difficulty perceptual-motor 
tasks. drawing and copying, disarticulation and the were 
strikingly evidence (fig. 6). When asked describe the ground floor her house 


Channel 


Fic. (Case 10).—Drawing map England. 


from the vantage point the front door, the patient tended omit describe rooms 
situated her left-hand side. There was slight deformation the visual co-ordinates. 
gross neglect the tactual maze with eyes open shut and significant dis- 
organization manual performance. Tests “‘abstract and 
were correctly executed, were also the Abelson tests. impairment 
Weigl’s sorting test tests arithmetical reasoning. loss visualization 
change the frequency dreaming. disorientation for right left herself 
the examiner. Topographical memory apparently intact. 


tachistoscopic examination (Mrs. Warrington), the patient was found exhibit 
pronounced incomplete forms exposed the right half-field. 
complex figures were exposed the right the fixation point, the patient tended 
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neglect those parts lying her left-hand side, despite the fact that their images fell 
wholly within the intact right half-fields vision. There was disorientation for 
forms perceived the coronal plane, and tilted figures were immediately appreciated 
such. 

Tests relative distance judgment (three rod test) central vision revealed question- 
able minimal disorientation the sagittal plane (Mrs. Wyke). 

operation, very large right parieto-occipital meningioma was excised (Mr. 
Wylie McKissock). Following operation, the patient progressed satisfactorily for 
few days but then became excited, hallucinated and confused. This confusional state 
persisted for over fortnight but then cleared rather rapidly. After its remission, 
residual neurological disability comprised the left homonymous hemianopia and some 
very slight sensory signs the right leg. There was variable inattention bilateral 
simultaneous tactile stimulation but gross left-sided tactile visual neglect. 

Psychological examination four weeks post-operatively revealed that visuo-con- 
structive performance was much before operation, apart from the fact that unilateral 
visual neglect was now much less apparent. There was slight disorientation for right 
and left the examiner. Tests and spatial judgment 
were well executed. The patient was alert, co-operative, and complained only mild 
absent-mindedness. Her general intelligence appeared little, all, affected. 

The most noteworthy feature Case the comparatively mild degree psycho- 
logical disturbance despite the presence very large right posterior hemisphere 
lesion. Although unilateral neglect and visuo-constructive disorders were prominent, 
little impairment “‘spatial could established. 


DEFICITS 

may now summarize briefly the principal defects bearing visual 
space perception encountered this series cases: 

(1) Visual complete left homonymous hemianopia was present 
cases and partial left homonymous field-defect cases presented 
left attention-hemianopia. one patient (Case fields were full. 

(2) Extinction and the left bilateral simul- 
taneous visual stimulation was elicited cases. addition, patients 
presented some degree neglect the left half extra-personal visual 
space, this deficit being very pronounced (Cases and 7). 
cases, visual neglect was associated with corresponding neglect the left 
half the body and deficient spontaneity the use the left limbs 
(Cases and 5). There was case active denial disability 
the existence the left side the body (anosognosia). 

(3) Differential visual patients (Cases and 10) 
were examined systematically tests differential visual sensitivity 
representative points over the whole the visual field found intact 
ordinary perimetric examination. Case absolute loss the left 
fields beyond degrees but with little impairment the residual 
left and right half-fields was ascertained. the remaining cases, moderate 
degrees overall sensory impairment were established, which varied 
amount with the particular tests employed. One patient (Case showed 
marked defects tests assessing the relative distances objects 
perceived central vision. 
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(4) Deformation optic setting rod the 
vertical and horizontal with eyes open closed were given cases. 
patients showed impairment, and noteworthy that both 
these cases positive findings were established otological examination. 

(5) Form and pattern studies perception 
which the material exposed was arranged fall within perimetrically 
normal areas the visual field were undertaken cases. gross 
defects perceiving form, pattern meaning were present any patient. 
the other hand, patients showed some degree visual disorientation 
the coronal plane. 

(6) Dressing disability was present cases, one 
which (Case was probably secondary neglect the left limbs. 

(7) Visual-constructive the type described McFie, 
Piercy and Zangwill (1950) were encountered every patient. These 
defects were regularly elicited tests drawing, copying, block design, 
tying knots, assembly mosaics, and kindred construc- 
tional tasks. general, copying from model was little, all, better 
than spontaneous drawing. The visual-constructive defects varied 
severity, being pronounced cases and moderate mild Omission 
incompletion the left side design assembly was prominent 
most cases, though not all, and patients (Cases and displayed 
outspoken visual-constructive loss the absence unilateral visual 
neglect. instance the effect (Mayer-Gross, 1935) 
was observed this series. 

(8) Tactual finger test was given patients (Cases 
and 10), which the first showed marked disorganization per- 
formance over and above the handicap imposed unilateral neglect. 
Performance with eyes open was better one patient but worse an- 
other. One patient was found virtually incapable operating 
with his right hand the left the mid-line with eyes open but could 
readily with eyes closed. 

(9) Spatial orientation—Episodes loss bearings familiar 
surroundings were reported cases (Cases and 4). One these 
patients failed totally learn her way about the hospital. least 
cases topographical memory was affected some extent. 

(10) Conceptual spatial patient had sustained any 
real loss understanding spatial relationships (e.g. “down,” 
the same time, patients gave evidence very real difficulty “‘spatial 
thought,” instanced the tests orientation,” 
and the Abelson overlapping figures. only one patient (Case 
10) were disorders thought” unequivocably absent. 

(11) patients gave evidence selective difficulty 
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arithmetic, one which (Case 4), the defect was pronounced 
suggest focal dyscalculia. 

(12) General intellectual the basis routine psychometric 
testing, significant general intellectual impairment could ascertained 
only one patient (Case 7). noteworthy that the general intelligence 
level patients (Cases and 10) was well above average. 


may first inquire whether the pattern disability observed our 
cases may reasonably ascribed high-grade sensory impairment 
the type adduced Bay (1950, 1953, 1954). Although complete examina- 
tion differential visual sensitivity was undertaken only cases, the 
findings not suggest that defects visual discrimination bear any 
essential relation visual-spatial disorder. Case for instance, 
defects discrimination were minimal but visuo-constructive disorder 
was extremely well marked. Conversely, defects discrimination were 
appreciable Case whereas visuo-constructive disorder was this 
time minimal. would therefore appear that high-grade visual impairment, 
while present certain cases visual-spatial disorder, does not contribute 
any essential way its genesis. the same time, only fair 
state that Bay himself does not lay particular emphasis the factor 
visual impairment this variety agnosia (Bay, 1954). 

The part played spatial disorder wnilateral visual inattention 
and neglect the left half extra-personal space may now considered. 
will borne mind that all but our patients presented some degree 
unilateral neglect and that Denny-Brown (1952) account for all 
major features this syndrome terms unilateral deficit. certainly 
true that much the difficulty encountered our patients tests 
drawing, assembly and construction can ascribed 
disability this kind. revealed neglect the left-hand side 
model display, omission faulty reproduction the left-hand 
side the copy, and defective synthesis the two halves drawing. 
the same time, important bear mind that not every case 
visual-constructive disorder gave evidence unilateral neglect. Case 
for instance, there was trace neglect the left half extra-personal 
space despite clear-cut extinction the left bilateral visual stimulation 
and well-marked visual-constructive disorder. was also noticed that 
several our patients made errors reproducing parts designs lying 
their right less than their left. Furthermore, tachistoscopic 
experiments carried out cases leave.little doubt that defects spatial 
orientation may present even when the material exposed wholly within 
the intact right Taken together, these findings disprove the 
contention that visual-constructive disorder wholly referable unilateral 
neglect—or defect presumed underlie it. 
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may well held responsible for particular features 
the disorder: does not create the total syndrome. 

The possible role vestibular factors spatial agnosia demands brief 
mention. will borne mind that Hécaen (1951), and more 
recently Bay (1954) and Hoff (1954), have laid particular stress central 
vestibular derangement condition spatial disorder. Hoff (1953), 
indeed, has been led the frequency positive findings otological 
examination cases right parietal lesion ascribe special function 
controlling vestibular and postural reflexes the right parietal lobe. 
Unfortunately, our own material contributes little this issue. may, 
however, point out that our cases presented characteristic disorders 
opto-kinetic and caloric nystagmus (as described Carmichael, Dix 
and Hallpike, 1954), and that them marked deformation the 
visual co-ordinates (Lenz, 1944) was ascertained. might therefore 
suggested that vestibular disorder responsible for some aspects 
visual disorientation—more particularly the metamorphopsias (Critchley, 
1953)—but that disorders spatial analysis the type described this 
paper bear essential relation central vestibular derangement. 

visual-constructive disorder not due, wholly least, defects 
sensory function, would appear reasonable ascribe impairment 
higher level neurological integration. this connexion, the notion 
has been repeatedly adduced. The notion, which goes 
back least the work Holmes (1919), was subsequently elaborated 
Scheller and Seidemann (1931) and Paterson and Zangwill (1944) 
elucidate some the more striking aspects visual-spatial disorder. 
Broadly, supposed that the normal individual, surveying 
extended visual scene, can shift his attention freely from one object 
the next without loss the implicit system spatial relationships upon 
which orderly perception depends. Objects are localized with reference 
“framework” (Koffka, 1935), and this framework remains stable 
despite repeated shifts visual fixation and changes the position the 
observer himself. the same way, the normal individual can direct his 
attention any part single object without loss the sense its proper 
relationship the whole. the other hand, patients with visual-spatial 
disorders are limited their ability scan and integrate 
extended situation (Holmes, 1919; Paterson and Zangwill, 1944). Thus 
writing patients with visual disorientation, Holmes (1919) remarks 
that object central vision seemed absorb attention, 
that the images which fell the periphery the retina were often un- 
observed; attention was incapable noticing two more objects the 
same Now although Holmes was referring here cases bilateral 
lesion, his description holds good for many cases unilateral lesion 
especially, perhaps, those which the right hemisphere involved. 
Such patients are prone explore visual objects fashion 
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(Paterson and Zangwill, 1944), without clearly apprehending their relations 
space one another the wider spatial setting. consequence, 
the patient undergoes peculiar fragmentation his visual world which, 
severe cases, can constrain true topographical disorientation (Paterson 
and Zangwill, 1944; McFie, Piercy and Zangwill, 1950). Although visual 
orientation the narrower sense Holmes (1919) may preserved, 
skilled visuo-spatial adjustment becomes virtually impossible. 

important bear mind that constriction visual attention, 
here defined, cannot identified with constriction the “effective 
visual field” the sense Bay (1950, 1953). have seen, least 
one our patients was able respond normally tests visual 
discrimination—including Bay’s own test local adaptation—yet showed 
characteristic disorders spatial judgment. our view, the essential 
defect lies not failure sensory input (as proposed Bay) but 
failure make effective use this input central level. This view 
derives some support from the well-known observation that attention 
cases Balint’s syndrome limited, not fixed area the visual 
field, but individual object without reference the size the retinal 
image which subtends (Hécaen and Ajuriaguerra, 1954; Faust, 1955). 
these cases, our own, the principal defect appears lie undue 
restriction visual attention objects their parts divorced from the 
wider spatial setting: the framework necessary ensure proper visual 
orientation goes default (see also Duensing, 1954). 

our analysis correct, visuo-spatial disabilities (loss visual orienta- 
tion, visual-spatial agnosia, apractognosia) clearly fall within the category 
agnosias the original sense Lissauer (1890). 
That say, the breakdown originates within the perceptual process itself 
and does not imply failure recognition stricto sensu. the same time, 
important bear mind that defects spatial judgment can 
traced every level psychological response. their simplest, they 
are shown failure perceive the correct orientation geometrical forms, 
judge angles, and indicate accurately the position object with 
reference its background. more complex level, they may traced 
variety everyday activities demanding precise spatial judgment and 
some measure manipulative skill. Examples are the use tools, 
tying knots, drawing and copying. the highest level, they are displayed 
map-reading, problems involving abstract orientation and “‘spatial 
thought” generally. Further, important bear mind that defects 
all levels may present simultaneously the same patient. this 
connexion, may refer briefly the case highly intelligent Medical 
Officer who sustained right-sided posterior parietal gunshot wound 
the last war. After discharge, this patient reported striking defects 
spatial judgment which persisted for about year. began surgery,” 
wrote, was very hard find bearings. wound was easy 
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lose track medial and lateral, proximal and distal. could not see 
the way bones would have manipulated restore alignment, and 
bringing the edge towel parallel the edge the wound and clip 
was something could not do.”! This officer also described early 
difficulties visualization and drawing (particularly regard anatomy), 
map-reading and learning his way about new surroundings, all 
which, however, receded within two years. our own patients, too, 
may call attention the co-existence defects relatively simple 
level (e.g. unilateral neglect, minor grades visual disorientation) 
with impairment high-grade tasks involving subtle appreciation 
spatial relationships (e.g. the Abelson tests, Koh’s blocks, and tests 


‘abstract orientation). Correct performance the latter tasks commonly 


held presuppose abilities which mature with age and which are con- 
ventionally regarded indices “‘general Whether failure 
deficit largely matter preference the use terms. From the 
standpoint neurology irrelevant. 

The dyspraxic manifestations observed certain our cases call for 
brief comment. Although has been customary ascribe difficulties 
(Critchley, 1953), difficult say how far such disabilities are truly 
dyspraxic and how far merely secondary perceptual ideational dis- 
order. the majority our cases, those described the literature 
(cf. Paterson and Zangwill, 1944; McFie, Piercy and Zangwill, 1950), 
constructional and dressing disabilities appear arise principally 
basis disordered spatial perception, with without concomitant neglect 
the left limbs and/or the left half extra-personal visual space. 
the same time, would probably incorrect wholly exclude 
concomitant disorder the executive aspects performance. Thus the 
account given one our patients (Case undoubtedly suggests 
dissociation between the visual and aspects muscular control 
dissociation the type originally adduced Strauss (1924) 
explanation constructional apraxia. Although dissociations this 
nature are, our experience least, very much more common con- 
nexion with lesions the dominant hemisphere, cannot concluded 
that constructional defects cases minor hemisphere lesion are 
invariably secondary disorders the perceptual sphere. 


conclusion, one may inquire whether spatial defects the cases 
under discussion are wholly confined visual perception whether, 
the other hand, they may also traced performances not normally 
executed under visual control. our own study, results obtained with 


are greatly indebted Dr. Ritchie Russell for his kind permission 
study and make reference this case. 
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tactual maze cases (as that Gilliatt and Pratt, 1952) undoubtedly 
suggest that some measure spatial disorganization present the 
(haptic) sphere. The more extensive study Semmes 
al. (1955) lends further support this contention. therefore clear 
that spatial disorder non-visual performance need further 
elucidation. the same time, should borne mind that spatial 
orientation predominantly governed visual information and that 
the visual disturbance which the most prominent examination and 
the most disabling the patients themselves. Without wishing deny 
the existence comparable disability non-visual performance, 
would seem permissible retain the term “‘visual-spatial 
denote this particular variety parietal lobe deficit. 


SUMMARY 


(1) Recent studies visuo-spatial disorder associated with unilateral 
cerebral lesions are reviewed. 

(2) cases are reported which right-sided posterior cerebral lesions 
right-handed patients gave rise characteristic disturbances spatial 
perception and manipulative skill. 

(3) The findings are evaluated with special reference recent theories 
visual agnosia. concluded that disorders visual space perception 
are not wholly referable impairment differential visual sensitivity, 
unilateral visual extinction, central vestibular derangement, com- 
bination these factors. Nor are they viewed secondary 


general intellectual impairment, which was appreciable only one case. 
tentative explanation terms restriction the field visual attention 
associated with some degree conceptual spatial loss put forward. 

(4) The relation visual-spatial agnosia constructional apraxia 
and kindred high-grade disorders manipulative skill briefly considered. 


wish express our sincere gratitude the physicians and surgeons 
the National Hospital whom reference made the text for their 
kind permission study and communicate cases admitted under their 
care. have also thank Mr. Jackson for assistance psycho- 
logical testing and Dr. Cobb, Dr. Mair and Dr. 
Pratt for valuable help the preparation this paper. Dr. Eliot 
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THE PHOSPHORUS METABOLISM GLIOMAS: 
STUDY WITH RADIOACTIVE ISOTOPES! 


BERTRAM SELVERSTONE MILDRED JEWETT MOULTON 


(From the Department Neurology, Neurosurgery and Psychiatry (Neurosurgical 
Service), New England Center Hospital, and the Department Surgery (Neurosurgery), 
Tufts University School Medicine, Boston, Massachusetts) 


WHEN radioactive phosphate given intravenously patient with 
tumour the brain, the concentration the isotope rapidly reaches 
levels from 100 times higher the tumour than the normal brain 
tissue (Selverstone and Solomon, 1948). This ratio concentrations 
appears within few minutes several hours and persists for two weeks 
more. Using mm. Geiger-Mueller counter (Robinson, 1950), 
have made use this property cerebral tumours order locate 
those which lie deep beneath the cortex. The method now clinical 
use certain centres the United States, Great Britain, Canada, France 
and Argentina. 

This remarkable difference between gliomas and normal brain tissue 
must properly explained are make intelligent and effective use 
it. Certain initial hypotheses may certainly discarded. The increased 
uptake does not depend upon greater content blood the 
neoplasm than the brain, since the concentration the tumour 
rapidly reaches levels much higher than the blood. Neither simply 
manifestation “blood-brain barrier” within the walls vessels. 
Although this not the place for detailed discussion this complex 
problem, certain our unpublished observations are pertinent. have 
been unable confirm the report Bakay (1951) that the rabbit brain 
takes radioactive phosphate more rapidly when administered into the 
cerebrospinal fluid than when given intravenously. have found little 
difference the uptake labelled phosphate the rabbit brain 
when have taken care administer cisternal dose that will 
produce concentration the cerebrospinal fluid equal the blood 
serum concentration control rabbits injected intravenously. 
Furthermore, when have given cisternal and intravenous routes 
two groups rabbits and have separated the acid-soluble fraction 


1Presented part the Annual Meeting the Neurosurgical Society America, 
Key Biscayne, Florida, January 19, 1956. 
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brain into organic and inorganic components, the partition 
between these two components after minutes has not differed 
the two series. Lastly, when have injected radioactive phosphate 
into lateral ventricle patients undergoing craniotomy, uptake ratios 
tumours close the ventricular system have been similar those 
observed after intravenous injection the isotope. broad conclusions 
concerning the general problem the barrier” are claimed 
from these observations with labelled phosphate, but they indicate 
that some other mechanism must play part the increased uptake 
gliomas with normal brain tissue. interstitial 
“ground substance” which would delay the equilibration labelled ions, 
however administered, the brain attractive hypothesis. However, 
since phosphate ion primarily intracellular, its slow exchange between 
serum and normal brain tissue can explained terms simply slowness 
exchange the cells themselves. That profound metabolic differ- 
ences exist between the cells gliomas and those the normal brain 
well recognized. The work reported here study some the differ- 
ences phosphorus metabolism between gliomas and the normal brain, 
using labelled phosphate ion indicator. Chemical analyses 
gliomas and normal brain tissues have been made and specific 
activities have been studied the three classical primary tissue fractions. 

The phosphorus components brain and brain tumour may 
separated into three fractions: (1) acid-soluble fraction (inorganic 
phosphate, phosphate esters, and nucleotides); (2) phospholipid fraction 
(cephalin, lecithin and sphingomyelin); (3) protein fraction (nucleo- 
protein, containing both ribonucleic and desoxyribonucleic acids, and 
small amount phosphoprotein). 

way introduction, may said that originally gave 
patients with brain tumours because thought possible that the 
nucleoproteins the tumours would turn over phosphate rapidly and 
thus provide means differentiating neoplastic from normal tissue 
measurement radioactivity. found the difference which 
sought, made use clinically (Selverstone and Solomon, 1948; Selver- 
stone, Sweet and Robinson, 1949; Selverstone and White, 1951; 
Selverstone, 1951), but now find that the original postulate concerning 
the behaviour the nucleoprotein fraction gliomas can account for 
only small part the observed facts. The results reported here show the 
greater importance the acid-soluble and, especially, the phospholipid 
fractions differentiating between gliomas and normal brain measure- 
ment radioactivity. 


METHODS 


Radioactive phosphate was given intravenously, from 4-5 455 hours 
before operation, patients with cerebral gliomas. most 


be 
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cases, the isotope was given from hours before operation, since 
this time-interval regularly produced clinically useful ratios. Although 
1-0 less suffices for tumour localization, 4-0 mc. were given 
for these studies tissue fractions order reduce the standard 
deviations counting rates the less active samples. 

The tissue samples studied were obtained the course operations 
for the removal brain tumours. sample normal brain tissue was 
removed each instance, either during the exposure the tumour 
bloc when massive lobectomy was performed. Care was taken 
choose tumour tissue which was not necrotic and normal brain from areas 
where operative trauma was absent slight. Visible blood was removed 
with blotting paper. aliquot was taken for histologic control and the 
remainder frozen soon possible. the earlier cases, intervals 
minutes elapsed before freezing; later, the samples were placed 
directly liquid nitrogen, but significant difference resulted from this 
improvement technique. Most determinations were done triplicate, 
few duplicate. 

aliquot (approximately 200 mg.) each sample was ashed with 
sulphuric acid and per cent hydrogen peroxide. Total phosphorus 
was determined the method Fiske and Subbarow (1925). The 
radioactivity was measured dipping G-M counter (Solomon and 
Estes, 1948). second aliquot (approximately 500 mg.) was analysed 
the following way: 


Tissue homogenized with iced per cent trichloracetic acid (TCA) 


Filtrate Residue 
Acid-soluble Refluxed with ethanol-ether 
(Fraction Refluxed with 1:1 methanol-chloroform 
Filtrate Residue 
Lipid Incubated KOH hours 


(Fraction 


Filtrate 
Total protein 
(Fraction 


aliquot Fraction III was also separated into desoxyribonucleic 
(DNA), ribonucleic acid (RNA), and phosphoprotein fractions the 


PHOSPHORUS METABOLISM GLIOMAS 365 


method Schmidt and Thannhauser (1945). These results are not reported 
here. 

Fractions and III were also ashed with sulphuric acid and hydrogen 
peroxide. Phosphorus concentration and radioactivity were measured 
each fraction described above. The usual corrections for background 
and decay were made, and relative specific activities were 
calculated counts per minute per milligram phosphorus. 

Logan, Mannell and Rossiter (1952) have studied the applicability 
brain tissue the method fractionation described above, and have 
pointed out that the phospholipid fraction may incompletely 
extracted. Folch and LeBaron (1951) have found lipid-protein complex 
the brain which also not extracted the usual lipid solvents. 
Presumably, then, some unextracted phospholipid phosphorus may have 
appeared our alkaline protein Some phospholipid may 
also lost during the initial acid-soluble extraction. number 
cases, extracted lipids duplicate samples before well after 
treatment the tissue with TCA. somewhat higher value was obtained 
for lipid phosphorus when extraction was done before treatment with 
TCA. Dawson (1953) has made similar observation; found that 
unidentified phospholipid, conventionally estimated with sphingomyelin, 
was decomposed treatment with TCA. Some phosphorus from the 
plasmalogens may also liberated TCA. 


RESULTS 
Phosphorus content normal brain mean total phosphorus 


concentration samples human cerebral tissue was 2-69 -07 mg. 
P/gramme fresh tissue (Table These samples contained both 
grey and white matter, since they were usually too small separated 
into two components. The variations the values for total Table 
were thought first simply reflect differences water content, perhaps 
attributable variations the relative amounts grey and white 
matter. order verify this point, analyses were made pure grey 
and pure white matter from normal dog. Fresh grey matter from the 
cortical mantle the dog contained 2-86 mg. P/gramme tissue; white 
matter, 4-39 mg. P/gramme tissue. The difference water content the 
two (71 per cent for white and per cent for grey) equalized these values 
15-1 mg. P/gramme dry tissue. However, values for total phosphorus 
were not equalized when mixed samples from various parts the human 
brain were evaporated and calculations made terms dry weight. 
must recognized that human brain tissue for this study was necessarily 
taken from various regions and various depths the cerebral hemispheres, 


1This may particularly annoying circumstance when attempts are made 
fractionate the protein hydrolysate the method Schmidt and Thannhauser, 
the contaminant appears the RNA fraction. 
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Mg. P/gramme fresh tissue Fraction Total 
(2) (3) (4) (5) (6) (7) 
Normal Cerebrum 

0-380 
0-236 

0-275 

1:2 
1-40 
1-92 
2°5 
1-43 

Mean 
S.E. 
Normal Cerebellum 

1-42 0-292 1-2 


A.S.=Acid-soluble fraction L.= Phospholipid fraction 


Mean 0-267 
S.E. 
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BRAIN AND GLIOMAS 


Mg. P/gramme fresh tissue 


(9) (10) (11) 
Total AS. 


(12) 


Fraction Total (col. 


(14) 


(13) (15) 
AS. 


Cerebral Astrocytoma—Grades and 


0-641 


+°07 


0-496 


0-388 


0-409 


Cerebral Astrocytoma—Grades and 


0-410 


0-170 
0-404 
0-402 


+°02 


Cerebral Oligodendroglioma 


Cerebellar Astrocytoma—Grade 


0-890 


Cerebellar Medulloblastoma 


1-30 


fraction 


1-62 


0-475 


S.E.=Standard error the mean 
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1-41 
0-200 
1-29 
1-25 0-412 0-323 
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depending upon the location each craniotomy. the cerebellum, the 
mean total phosphorus concentration three samples was 3-69 -04 mg. 
P/gramme fresh tissue, value strikingly higher than that for any the 
cerebral samples. 

Table also shows the phosphorus concentrations the acid-soluble, 
lipid and protein fractions cerebral and cerebellar tissues, expressed 
both absolute values and fractions the total phosphorus concentra- 
tion. interest that the protein phosphorus cerebellar tissue 
exceeded that cerebral tissue 160 per cent; calculated percentagewise, 
the cerebellar value was still almost twice high the cerebral. similar, 
although smaller, difference between cerebellum and cerebrum was found 
the acid-soluble fraction. The closely packed concentration granule 
cells the cerebellum may account for its high protein and acid-soluble 
phosphorus. Cohen (1955) found similar correlation between these 
phosphorus fractions and the relative cellularity various regions the 
brain. 

Phosphorus content cerebral tumours.—The total phosphorus con- 
centration the astrocytomas examined, whether cerebral cerebellar, 
benign malignant, was much lower than that normal brain tissue. 
The cerebral astrocytomas graded and averaged mg. 
P/gramme fresh tissue; those graded III and averaged 1-51 mg. 
P/gramme tissue. There was only one oligodendroglioma this series; 
its total phosphorus, mg. P/gramme tissue, was exceeded only 
one the astrocytomas. The total phosphorus the single medullo- 
blastoma this series was very much higher than that any other tumour 
(3-41 mg. P/gramme tissue), almost high the phosphorus 
normal cerebellar tissue. 

The cerebral astrocytomas differed from normal brain tissue chiefly 
the phospholipid fraction, which found only one-third 
large the tumours the cerebral tissue (Table cols. and 11). 
examining the values for the acid-soluble and protein fractions, seen 
that differences are slight, and the tendency for protein phosphorus 
rise the expense the acid-soluble phosphorus the tumours hardly 
significant statistically: 

Acid-soluble Protein 


Astrocytoma, Grades +-06 0-455 +-06 


Percentagewise, both acid-soluble and protein phosphorus fractions 
were much higher the gliomas than the normal brain tissue, because 
the low concentration phospholipid phosphorus the tumours. The 
protein phosphorus, for example, comprised 26-7 and 29-9 per cent 
the total phosphorus the two groups astrocytomas, but only 13-9 
per cent the normal brain (Table cols. and 15). The single 
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oligodendroglioma and the single medulloblastoma this series contained 
large absolute amounts acid-soluble and protein phosphorus. The 
medulloblastoma was especially high protein phosphorus with 1-62 mg. 
P/gramme tissue, value not even approached any other sample, 
normal neoplastic, this series. The high acid-soluble and protein 
phosphorus fractions these two tumours may related their cellular 
density, suggested above the case normal cerebellar tissue. 

Comparison specific activities tumours and normal tissues.—Table 
compares the total and fractional specific activities brain tumour 
tissues with those normal brain removed the same time. The ratio 
the specific activity each fraction tumour the corresponding 
fraction normal brain also shown. order equalize variations 
the doses given and the weights the patients, the specific activity 
the total phosphorus each sample normal brain tissue has been 
set equal 1-00 count/minute/mg. 

The specific phosphorus activities were 7-80 51-0 times higher the 
tumours than the corresponding brain samples except Case No. 
(3-03 times), where the isotope had been given nineteen days before 
samples were taken (col. 7). this small series, differences ratios 
specific phosphorus activity could not well correlated with observed 
histologic differences among the tumours. our much larger series 
which chemical separations have not been made, relationship apparent 
between the cellularity glioma and its activity ratio. This correlation 
between radioactivity and cellular density has been much more consistent 
than any relationship vascularity counts mitoses. The 
activity ratios col. are very much like those which have obtained 
with the probing Geiger-Mueller counter and illustrate the dependability 
this method for the location deep brain tumours operation 
(Selverstone and White, 1951; Morley and Jefferson, 1952). 

Comparison specific activities the chemical fractions tumours and 
normal specific phosphorus activities acid-soluble, 
lipid and protein fractions normal brain tissue are shown cols. 
and With one exception (Case 16), the acid-soluble fraction had the 
highest activity, and with single exception also (Case 22), the lipid fraction 
had the lowest. well known, has been shown the rat Fries, 
Changus and Chaikoff (1940), that the turnover lipid phosphorus 
the brain adult mammals remarkably slow. 

The specific phosphorus activities the fractions gliomas are 
shown cols. and 10. cases, again the acid-soluble phosphorus 
fraction had the highest specific activity. was the protein fraction rather 
than the lipid, however, which had the lowest specific activity 
the gliomas. 

has been instructive consider the ratios specific phosphorus 
activities the chemical fractions gliomas the corresponding 
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fractions normal brain tissue removed operation the same time. 
These are shown Table II, cols. 11, and 13, and will referred 
acid-soluble, lipid and protein activity ratios. 

The lipid activity ratios generally reached much higher values than 
those the other fractions and exceeded acid-soluble and protein ratios 
the cases. cases, the ratios were well over 100, including 
one which the lipid specific activity the normal brain was too low 
measured. 

Acid-soluble activity ratios varied from 6-60 during the first 
four days after administration the end this period, very much 
lower values were obtained. nineteen days (Case 1), the acid-soluble 
activity ratio had fallen 1-60. 

Activity ratios protein fractions were usually lower than acid- 
soluble ratios during the first four days, after which the trend was reversed. 
The one exception (Case 21) unexplained unless contamination from 
high activity, unextracted acid-soluble lipid fractions may have appeared 
with the protein fraction. Actually, only the cases where protein 
fractions were analysed did their activity ratios exceed 7-80. Histologic 
examination the tumours Cases and has suggested explana- 
tion for their high protein activity ratios. 


DISCUSSION 


The results reported here focus attention upon the properties the 
phospholipid fraction the gliomas, fraction whose very existence 
these tumours has been doubted. Cumings (1943) found little phospho- 
lipid gliomas that concluded that its presence indicated either 
necrosis contamination with normal brain tissue. Our values for the 
lipid phosphorus these tumours, while lower than the amounts 
found normal brain tissue, can hardly explained this way. 
not surprising that the actual values obtained for the phosphorus fractions 
tissues various investigators will differ, since the the 
methods fractionation ordinary use are, after all, empirical. 

The phospholipid fraction, whatever its absolute value gliomas, 
does appear have basic significance, for its uptake radioactive 
phosphorus astonishingly high when compared with that the corres- 
ponding fraction normal brain tissue. Contamination with normal 
brain cannot account for increased specific phosphorus activity, since 
the uptake all three primary fractions normal brain much less 
than that tumour. Necrosis cannot explain it, for uptake was always 
low when inadvertently took tumour samples which later proved 
necrotic histologic examination. That the phospholipid fraction has 
some important play gliomas further emphasized the 
rapidity with which high lipid activity ratio appears after administration 
This suggests that the phospholipids gliomas may have 
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metabolic well predominantly structural function. The nature 
this function not disclosed, course, this investigation. 

might argued that the lipids gliomas and the brain could 
essentially similar, but might show increase specific phosphorus 
activity the tumours because the breakdown vascular barrier. 
this were the case, one would expect the ratio the specific activity 
the phospholipid fraction that the acid-soluble fraction similar 
normal and tumour tissues removed the same time-interval after 
injection the isotope. The following figures, calculated from Table II, 
show that these ratios are, fact, quite different the two tissues. 

S.A. phospholipid fraction 


Case Time (Hours) S.A. acid-soluble fraction 
Tumour 


S.A. Specific activity 


the cases which the ratio could calculated, was 
higher for tumour than for normal brain tissue. With passage time, 
the ratio phospholipid acid-soluble specific activity rose both 
types tissue, but rather more strikingly the tumour than the normal. 
These observations are all keeping with explanation terms 
cellular metabolism for the differential uptake gliomas. 

The data Table II, cols. 11, and 13, offer somewhat different 
approach the same question. For example, Case (20-3 hours) and 
Case (20-9 hours), almost identically high lipid activity ratios 
(125-0 and 126-0) may compared with substantially different and much 
lower acid-soluble activity ratios and 14-5). even greater dis- 
crepancy exists the activity ratios the protein fractions these 
two tumours (22-9 and 4-10). difficult explain differences such 
these between the various fractions unless some metabolic process 
superimposed upon whatever barrier mechanism may operating. 


0-056 0-239 
0-109 0-239 
0-033 
5-2 0-080 0-049 
15-3 0-036 0-118 
0-068 0-196 
0-109 0-376 
20:9 0-052 0-437 
27-0 0-080 0-532 
0-188 0-242 
34-7 0-125 1-18 
0-154 0-818 
455-0 0-474 1:58 
0-462 
19-0 0-062 0-229 
96-0 0-323 0-423 
0-164 
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Indeed, the whole supposition that the destruction vascular barrier 
can fully explain the difference uptake between gliomas and normal 
brain becomes untenable the light the gross differences which 
have found activity ratios the various chemical fractions. 
Friedemann (1942) showed that certain negatively charged colloid 
particles, injected intravenously, would not enter the cerebral substance, 
while positively charged and neutral particles would so. analogy, 
could postulated that the phosphate ion, crystalloid substance 
with negative charge, might confined within the vascular bed the 
brain, and that the barrier, whatever its nature, might broken down 
within glioma. comparison the uptake ratios labelled phosphate 
with those the positively charged potassium and sodium ions appears 
disprove such contention. When gave radioactive potassium ion, 
intravenously patients with gliomas, found that was taken 
selectively about the same extent labelled phosphate. Actually, the 
uptake gliomas was often more than compared 
normal brain and was almost always greater than during the first 
few hours after injection (Selverstone, Sweet and Ireton, 1951; Selverstone, 
1953). When gave radioactive sodium ions, intravenously 
patients with gliomas, quite different uptake ratios were obtained. 


Ratio activities 


Time (hours) 

Astrocytoma, Grades and 0-7 1-17 
2°5 0-86 

Astrocytoma, Grades III and 3-0 1-55 
1-48 

Mean 1-20 


S.E. 


These data indicate significant differential uptake 
now compare the known properties these ions with our findings, the 


following simple table emerges: 


Column element Location High uptake 
periodic table Charge tissues Ratio gliomas 
Phosphate Neg. Intracellular Yes 
Potassium Pos. Intracellular Yes 
Sodium Pos. Interstitial 


Potassium, the major intracellular cation, thus resembles its corres- 
ponding intracellular anion, phosphate, its differential uptake 
gliomas. does not behave like sodium, the extracellular cation which 
lies just above the periodic table, and which resembles both chemi- 
cally and electrically. Intracellular location appears more important 
than chemical similarity electrical charge determining the uptake 
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these ions. This understandable metabolic activity within neoplastic 
cells the basis for the differential concentration and gliomas. 


SUMMARY AND CONCLUSIONS 


This study has dealt with the phosphorus fractions gliomas and 
brain tissue from two points view: (1) the composition the chief 
phosphorus fractions and (2) the uptake newly administered labelled 
phosphorus the major chemical fractions the tissues. 

(1) The total phosphorus concentration the gliomas was much less 
than that the normal brain tissues. 

(2) The lipid phosphorus concentration the gliomas was only about 
one-third that the normal brain. This difference fully explained the 
low total phosphorus concentration the gliomas. 

(3) The acid-soluble and protein phosphorus concentrations the 
gliomas differed only slightly from those the normal brain. 

(4) Acid-soluble and protein phosphorus concentrations were higher 
the cerebellum than the cerebrum and higher also the very cellular 
medulloblastoma and oligodendroglioma than the 
astrocytomas. 

(5) Radioactive phosphate was taken much higher concentration 
the gliomas than the control samples normal cerebral tissue 
removed the same time. 

(6) All three tissue fractions gliomas took radioactive phosphate 
much higher concentration than did those normal brain. All three 
fractions thus contribute the effectiveness the probing beta ray 
counter (Robinson-Selverstone) for the location deep brain 

(7) Although all fractions the gliomas took high concentra- 
tion, there were marked and consistent differences among them. The 
difference between gliomas and normal brain was greatest the phospho- 
lipid fraction and least the protein fraction. 

(8) Evidence presented that the high uptake gliomas the 
result cellular process; cannot explained greater content 
blood the tumour breakdown the blood-brain barrier. 
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THERE PYRAMIDAL TRACT 


PAUL BUCY 


(From the Department Surgery, Northwestern University School Medicine, 
and the Chicago Wesley Memorial Hospital) 


THE conclusion the preface the second edition the “‘Precentral 
Motor Cortex,” written 1949, reads follows: not anticipated 
that there will ever another edition this book. The next requirement 
will for completely new treatment the subject.” Unfortunately 
the time has not yet arrived when can present “completely new 
treatment” the subject the neural mechanism which controls the 
activity the skeletal musculature. Misleading terms and erroneous 
ideas well lack information are blocking our way. This paper 
SYNDROME,” and plea that they discarded. 1951 pointed out that 
our concept the has undergone vast changes 
the past quarter-century and that this neural mechanism incompletely 
understood both anatomically and physiologically. obvious that the 
term dependent for its very existence upon the 
presence well-defined entity, Pyramidal Tract.” such 
distinct unified entity does not exist then the term “Extrapyramidal” falls 
its own weight. do, therefore, join here with Russell Meyers (1953) 
plea for the abolition the term “extrapyramidal” well. However, 
this paper shall concerned with the “Pyramidal Tract.” The 
extrapyramidal system will remain incidental matter only. 

Surely not necessary cite evidence (of which there abundance) 
that the Tract” generally regarded one the most clearly 
defined and most important neural structures, and that the “Pyramidal 
Syndrome” (spastic paralysis without atrophy, hyperactive tendon 
reflexes, absent abdominal reflexes and the sign Babinski) one the 
most widely held basic concepts neurological thought. The evidence 
now adequate that these are erroneous concepts which are impeding 
further progress our understanding the neural mechanism respon- 
sible for motor activity. There single pyramidal tract arising from 
the gigantic cells Betz the precentral gyrus, forming the pyramids 


Max Minor Peet Lecture delivered the University Michigan, Ann 
Arbor, Michigan, October 1956. 
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the ventral surface the medulla oblongata, and which responsible 
for the control voluntary muscular activity. 

What the “Pyramidal Tract?” definition must agree that the 
Tract” composed the fibres which pass downward 
through the pyramids the ventral surface the medulla oblongata. 
These fibres have usually been regarded constituting all the cortico- 
spinal fibres and the corticobulbar fibres extending the nuclei the 
cranial nerves. Tower (1949) felt that there was doubt that all the 
fibres the pyramid are descending. Brodal and Walberg (1952) and 
Brodal and Kaada (1953) disputed that and claimed have demonstrated 
some ascending fibres the pyramids, but Landau (1956) appears 
have disproved their observation. 

the moment the origin many the pyramidal fibres doubt. 
cannot sure even that all them arise the cerebral cortex. 
Mettler (1944) claimed that all them arose from the cortex but his work 
has never been submitted more than abstract form and cannot, therefore, 
evaluated. Lassek and Evans (1945) are cited having established 
the cortical origin all pyramidal fibres man. But their observations 
are limited one case which the cerebral cortex one hemisphere 
was extensively removed from patient suffering from cerebral tumour.. 
autopsy was found that the basal ganglia and mesencephalon were 
invaded tumour and the results are, therefore, not conclusive. The 
report Welch and Kennard (1944) has also been cited (Walberg and 
Brodal, 1953) evidence that cerebral decortication results complete 
degeneration the fibres the pyramid. Actually these authors allude 
this matter only very briefly and with insufficient detail allow anyone 
base any definite conclusions upon their observations. Haggqvist (1937) 
was the first throw serious doubt the concept that the pyramidal 
tract arises exclusively from the Betz cells the precentral gyrus—a 
concept that had been accepted established since the studies Holmes 
and Page May 1909. Haggqvist demonstrated that removal area 
(the area giganto-pyramidalis) from the precentral region the monkey 
did not cause complete degeneration the fibres the medullary 
pyramid. approximately the same time Levin and Bradford (1938) 
showed that sizable component the pyramidal tract (they estimated 
per cent) arises from cells the cortex the parietal lobe. Since then 
Lassek numerous studies has confirmed these observations and demon- 
strated that approximately per cent the pyramidal tract arises 
from the Betz cells and that additional per cent them arises 
from smaller cells the precentral gyrus. Some per cent the 
pyramidal fibres have thus been shown arise from the central region. 
What the remaining per cent? the moment their origin 
unknown. one time Kennard, using the Marchi method, thought she 
had demonstrated some pyramidal fibres arising from area anterior 
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the precentral gyrus, but this conclusion she later retracted (Verhaart and 
Kennard, 1940). Hoff, working the same laboratory, also claimed 
have evidence that pyramidal fibres arose from area However, 
was using similar material that upon which Kennard’s original work 
was based and was using the very capricious method studying the 
swelling terminal axonal buttons impregnated with silver little confidence 
can placed his unconfirmed conclusions. Likewise, the similar 
conclusions Minckler, Klemme and Minckler (1944) based upon the 
study human brains with large ill-defined cortical lesions will not stand 
critical examination. Walberg and Brodal (1953) claimed have demon- 
strated the presence the cat corticospinal fibres the pyramids 
which arise from the cortex the temporal and parietal lobes. They state 
that the number such fibres certainly not great. However, they 
used their criteria globular fusiform swellings fragmentation 
the axis cylinders shown the capricious silver method Glees, one 
must accept these observations with some reservations until they have 
been satisfactorily confirmed other methods. this connexion may 
recalled that Rundles and Papez (1938) and Bucy and Kliiver (1955) 
found evidence any degenerated corticospinal fibres after extirpation 
the temporal lobe monkeys. 

obvious from the evidence available that the 
unified entity does not exist. refer and deal with though 
did can only continue lead confusion and error our thoughts and 
conclusions. seems obvious that the term “Pyramidal and the 
concept which has represented should both discarded. there 
pyramidal tract there obviously “Extrapyramidal System.” the 
future should attempt clarify the origin, termination, and function 
the various components the medullary pyramids and should refer 
each the motor pathways, whether corticospinal one one 
which interrupted subcortical centres, specifically, and with 
descriptive terminology. 


FUNCTION 


The concept that the Tract” responsible for all voluntary 
muscular activity, and for the inhibition the postural reflexes, and that 
its destruction gives rise group symptoms known the 
(spastic paralysis without atrophy, hyperreflexia, absent 
abdominal reflexes and the sign Babinski) firmly imbedded 
neurological thought the erroneous concept unified “Pyramidal 
Tract.” For almost quarter century evidence that this syndrome 
not the result destruction the pyramidal tract has been accumulating 
but even now this evidence still largely ignored. 

Twenty-five years ago, May 1932, John Fulton and sat discussing 
several peculiarities motor physiology (see 159 Fulton and 
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Kennard, 1934). were impressed with the fact that extirpation the 
area giganto-pyramidalis (area Brodmann; the Betz cell area the 
precentral region) subhuman primates (thus presumably destroying 
the Tract,” which according Holmes and Page May arose 
there) did not give rise the “pyramidal syndrome.” The hemiplegia 
resulting from such extirpation was relatively flaccid and did not have 
the spasticity seen with hemiplegias resulting from capsular lesions. 
asked ourselves what fibres other than those arising from the area giganto- 
pyramidalis must destroyed order for spasticity and increased tendon 
reflexes added the picture paralysis and the sign Babinski 
which resulted from extirpation area (Fulton and Keller). pointed 
out that some imperfect clinical observations led suspect that 
was the cortex lying just anterior area which was responsible for the 
inhibition the postural reflexes. next few months Fulton’s 
laboratory saw intensive testing and confirmation that hypothesis. 
was promptly recognized that this was contradiction established 
neurological thought and teaching. Destruction the 
did not give rise spasticity. Marked spasticity arose only when cerebral 
cortex outside the confines the origin the “Pyramidal Tract” was 
destroyed. This must mean also that there were neurons 
the cerebral cortex and that the “extrapyramidal” system was not 
confined the basal ganglia. Naturally such revolutionary ideas met 
with firm and spirited opposition (Walshe, 1942). However, the next few 
years saw them confirmed many ways and from many quarters. Marion 
Hines (1937) identified the lying just anterior the area giganto- 
pyramidalis and pointed out its importance the inhibition the stretch 
reflexes. Magoun and his associates demonstrated the connexions between 
the Marion Hines (area 4s) and the bulbar reticular area, and 
the strategic importance the latter the control the postural reflexes. 
Sarah Tower demonstrated that destruction the Tract” 
section the medullary pyramids both cat and monkey (1) did not 
completely paralyse the animal, (2) did not render the sigmoid gyrus 
the cat the precentral region the monkey inexcitable electrical 
stimulation (i.e. stimulation the precentral region still produced move- 
ments the extremities), (3) did not produce spastic paralysis. Similarly 
Bucy and Fulton (1933) and Bieber and Fulton (1938) had shown that 
monkey from which all both precentral motor cortices had been removed 
except one area (from which corticospinal fibres have been conclusively 
arise (see above)), still had useful control muscular activity 
all four extremities. This again demonstrates that muscular 
activity produced some degree “‘extrapyramidal” neurons. 

Bucy (1949) demonstrated that the paralysis which resulted from excision 
the precentral motor (areas and man was with 
muscular atrophy the affected extremities. This was accord with the 
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observation Tower (1940) that section the medullary pyramid the 
monkey was followed definite muscular atrophy. Thus the 
that the paralysis typical the Syndrome” lesions 
the “upper motor not associated with muscular atrophy 
also false. Bucy (1949) further demonstrated that extirpation the 
precentral motor cortex does not permanently abolish the abdominai 
reflexes. 

Thus the concept the and the classical picture 
the functions the Tract” largely collapse. The “Pyramidal 
Tract” not solely responsible for voluntary muscular activity. does 
not inhibit control the postural stretch-reflexes. Its destruction 
does not give rise spastic paralysis abolish the abdominal reflexes 
but associated with some degree muscular atrophy. this point 
was still generally believed that the pyramidal tract was responsible for 
the fine, well-co-ordinated movements the hand and fingers and for 
the movements the foot and ankle and that its destruction permitted 
the elicitation the sign Babinski. 

this evidence has been added the amazing results section the 
corticospinal fibres the cerebral peduncle, some which will 
recorded detail here. Even prior the report Walker 1949 
the first case which severed the cerebral peduncle, Putnam (1938), 
Oliver (1953), Ebin (1949) and others had described the results section 
the tract” the spinal cord. Surprisingly their patients 
did not have much paralysis the ipsilateral extremities everyone 
had anticipated. However, this startling fact was largely overlooked 
because there could certainty how completely the 
Tract” had been divided. 

1949 Walker reported the results dividing the latter two-thirds 
woman suffering from hemiballismus (fig. 1). this woman recovered 


Fic. 1.—Section the lateral part the cerebral peduncle performed Walker 
(from Walker, A.E. (1949).) 
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with practically paralysis (she was still well some four years later) 
was first assumed that the tract” had been spared. White 
1950 demonstrated similar case which parkinsonian tremor was 
abolished sectioning the lateral mm. the cerebral peduncle 
depth mm. Again the patient recovered with remarkably little 
hemiparesis but positive signs Babinski and Gonda (my own examina- 
tion July 29, 1952). Again was assumed that the 
had been spared. 

Levin had shown that the monkey, the corticospinal fibres 
arising from the precentral region descend the central portion 
the cerebral peduncle (fig. 2). The exact nature the fibres the 


Area Area Area Area Prefrontal 


Fic. 2.—Position the cerebral peduncle descending fibres from different parts 
the frontal lobe (modified after Levin). Cerebral lesions shown above, degeneration 
the peduncle below. Orientation the peduncle with the lateral part the left, 


medial the right. 


lateral fourth the peduncle not known with certainty. For 
years they have been referred temporopontine but neither 
Rundles and Papez (1938) nor Bucy and Kliiver (1955) had found 
any evidence degeneration the cerebral peduncle after extirpation 
the temporal lobe. not unlikely that they are parieto-pontine 
fibres Mettler (1935) suggested. Nevertheless was decided 
section this portion the cerebral peduncle patient with severe 
unilateral parkinsonism determine section these fibres alone 


would abolish his tremor. 

Case 1.—E. J., man years age had suffered 
parkinsonism, much greater the right extremities, for approximately ten years. 
The condition was incapacitating. had also acquired syphilis when years 
age and tabes dorsalis the age years. 

examination his speech was tremulous. There was some retinal arteriosclerosis. 
had the typical face the parkinsonian. Sensation was intact except 
for impairment vibratory, position, and deep pain sensibilities the lower 
extremities. His right extremities were involved severe tremor rest, definite 
rigidity and considerable weakness. There was also slight tremor rest the left 
upper extremity. The tendon the upper extremities were normal. The 
abdominal reflexes and the tendon reflexes the legs were absent. Babinski’s sign 
was not present. His blood pressure was 130/70. 


XUM 
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January 14, 1952, left temporal craniotomy was made. The temporal lobe was 
retracted. The left cerebral peduncle was readily exposed and stimulated. Movements 
were elicited the right upper and lower extremities stimulation the central 
half the peduncle with cycle sine wave current 0-8 volt. Frequently move- 
ments were elicited simultaneously both the right upper and lower extremities but 
stimulation the most medial part the excitable portion the peduncle produced 
movement only the hand while stimulation the most lateral part the excitable 
portion caused movement only the foot. movement was elicited stimulating 
the lateral medial fourths the peduncle. The lateral third the peduncle was 
then divided depth mm. (fig. 3). 


Fic. (Case 1).—Section the lateral one-third the cerebral peduncle was 
without permanent effect upon parkinsonian tremor voluntary motor activity. 
fibres. fibres. 


Following the operation suffered from aphasia and right hemiplegia which 
gradually cleared the space two weeks. Initially his parkinsonian tremor was 
completely abolished but regained control over his right extremities the tremor 
returned with its old vigor. April 1952, was discharged nursing home 
practically unchanged from his pre-operative condition. 


COMMENT 


This observation left doubt our minds but that the lateral 
fourth the cerebral peduncle was not responsible for the control 
voluntary muscular activity (or for the production parkin- 
sonian tremor). the meantime Meyers (1951) had sectioned the medial 
two-fifths the cerebral peduncle (the fronto-pontine tract (Levin)) 
without any permanent effect upon the voluntary control muscular 
activity (or upon the severe dystonic hyperkinesia from which the patient 
suffered). These observations left little doubt but that was the central 
segment the cerebral peduncle, i.e. that part which contains the portion 
the “Pyramidal Tract” which arises the precentral gyrus which must 
destroyed beneficially affect abnormal involuntary movements 
Walker and White had done. Furthermore, they had been able 
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abolish hemiballismus and tremor, respectively, with little resulting 
paralysis this appeared reasonably safe procedure. 

Walker (1955) has shown that the cerebral peduncle varies width 
from 17-6 mm. incision mm. depth will completely divide 
all its fibres. thus apparent.that Walker had divided all the 
corticospinal fibres from the precentral gyrus his patient and that White 


had divided many them. 

There was under observation woman with unilateral abnormal 
involuntary movements severe that she was willing accept hemi- 
paresis order relieved these movements. extirpation the 
precentral motor cortex was under consideration but instead was 
decided divide the central portion the cerebral peduncle. 


Case (previously reported Bucy, 1954).—F. K., female, was born 1911. 
Following attack rheumatic fever when years age, which resulted 
mitral stenosis, she developed wild flinging abnormal involuntary movements the 
left arm and leg which are probably best classified hemiballismus. July 16, 
1939, Dr. Eric Oldberg sectioned the left anterior white column the spinal cord 
the upper cervical region. There was enduring effect the abnormal movements. 
June 15, 1952, she was again admitted the Illinois Neuropsychiatric Institute. 
Examination revealed the mitral stenosis and blood pressure 180/100. Because 
the severe involuntary movements useful movements were possible with the left 
upper extremity. fact she sat her left hand held with her right one most 
the time. The left lower extremity was much less severely involved and she was able 
walk quite well. Except for complete loss pain and temperature sensibilities 
below the fourth thoracic dermatome the right side (as result the cordotomy) 
sensation was intact. Muscular strength was good. The tendon reflexes were more 
active the left lower extremity than the right but they could not tested the 
left upper extremity because the wild involuntary movements. The left abdominal 
reflexes were slightly decreased. Babinski’s sign was not present. 

X-ray examination the skull and pneumoencephalogram were normal. 
Roentgenograms the chest showed the heart slightly enlarged. 

June 20, 1952, the right cerebral peduncle was exposed through small temporal 
craniotomy. was stimulated with unipolar electrode, using cycle sine wave 
current volts. Flexor movements the left toes were elicited stimulation 
the lateral part the central third the peduncle. More medially movements, usually 
flexor type, the left foot and still further medially movements the left hand were 
produced. addition movements the larger muscles the extremities and trunk 
the left side were obtained. There was sharp localization the peduncle 
points from which these effects were elicited but the general orientation was clear. 
Movements the lower extremity are produced from the more lateral part the 
excitable portion the peduncle and movements the upper extremity from the 
more medial. Stimulation the medial and lateral fourths the peduncle produced 
effect which was detected. The central half the peduncle, i.e. the excitable portion, 
was divided except for the lateralmost fibres (fig. 4). The incision was deep 
and mm. long. The intention was divide most the corticospinal tract arising 
from the precentral gyrus except for few fibres the left lower extremity, and 
leave the fronto-pontine and parieto-pontine bundles undisturbed. 

Immediately following the operation she had complete left hemiplegia and the 
abnormal involuntary movements were absent. Within few hours voluntary move- 
ments began return and continued improve both strength and extent. Four 
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(Case 2).—Incomplete section the central half the right cerebral peduncle 
reduced hemiballismic movements the left extremities approximately per 
cent and had little effect voluntary control these extremities. 


days after the operation she was able stand alone and June she was able 
walk unaided with hemiparetic gait. the twelfth post-operative day the strength 
the left extremities was estimated per cent that the right. She was 
walking without difficulty. July the fifteenth post-operative day, there was only 
slight suggestion weakness the left side and there were abnormal movements. 
Three days later slight intention tremor was present with movements the left arm. 
Thereafter the abnormal involuntary movements increased until they were about 
per cent active before the operation, and they have remained unchanged ever 
since. They are mild when she resting walking and most severe association 
with voluntary movements and when she excited. The voluntary control her left 
extremities improved. Her walking practically normal. Volitional movements the 
left upper extremity are full range and strong. She has free movement the thumb 
and fingers individually together. She can hold vegetables the left hand while she 
peels them with the right she can hold piece cloth while being hemstitched. 
All voluntary activities the left upper extremity are made difficult the remaining 
involuntary movements. There spasticity. The tendon reflexes the left are 
mildly hyperactive they were before the operation. Babinski’s sign has been present 
the left ever since the operation. She very active and was doing all her own 
housework when last seen October 1956. 


COMMENT 


This was truly remarkable result. was not surprising that the 
lateral fourth the cerebral peduncle could sectioned without produc- 
ing any paralysis (see Case and Meyers, 1956) that the fronto-pontine 
fibres the medial segment could divided without material effect upon 
muscular activity (Meyers, 1951 and 1956), but was astounding 
learn that the central half the peduncle containing the corticospinal 
fibres from the precentral gyrus could divided with little effect upon 
the voluntary muscular activity the extremities, even the fine, well 


co-ordinated movements the digits. 
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Two other patients have been operated upon similarly and each serves 
confirm this observation. 


Case 3.—J. L., white male, was years age when was admitted the 
University Illinois Research and Educational Hospitals August 1953. 
had been unemployed for several years and this was attributed his illness. 1930 
had suffered from severe illness which was called One year later 
tremor rest had appeared his left upper and lower extremities. This grew 
progressively more severe for time but was said have remained unchanged for 
about ten years. also complained excessive salivation and occasional double 
vision. For several years had been developing progressive weakness and contrac- 
ture the left upper extremity. The shoulder had been drawn upward and had 
developed flexion deformity the left metacarpo-phalangeal joints. had been 
chronic alcoholic. 

Examination revealed mask-like face and monotonous speech. walked with 
shuffling gait, with his left shoulder elevated. held the left arm slightly flexed 
the elbow and with moderate flexion deformity the metacarpo-phalangeal joints. 
The left arm did not swing walked and was involved typical parkinsonian 
tremor, greatest the fingers. There was weakness all movements the left upper 
extremity, with muscular atrophy throughout. There was less marked tremor the 
lower extremity. Both left extremities had moderate cogwheel rigidity. The tendon 
reflexes were hyperactive and equal the two sides. There was slight widening 
the left palpebral fissure and slight flattening the nasolabial fold that side. 

Examination the blood, urine, and spinal fluid revealed abnormalities except 
for total protein mg. per cent the spinal fluid. X-ray films the skull and 
chest were negative. electroencephalogram revealed abnormally fast waves— 

Operation.—On August 15, 1953, the right cerebral peduncle was exposed through 
transtemporal exposure. The peduncle was stimulated electrically. Stimulation 
the medial part the central half the peduncle caused movement the left upper 
extremity while stimulation the lateral part evoked movement the left lower 
extremity. The central half the peduncle was incised depth mm. The incision 
was mm. long (fig. 5). 


Fic. (Cases and 5).—Section the central half the cerebral peduncle 
abolished parkinsonian tremor Case and greatly reduced wild flinging abnormal 
movements Case There was little any increase these patients’ difficulty with 
volitional control their extremities. 
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Post-operative following the operation had left flaccid 
hemiplegia, and paralysis the right third cranial nerve. The latter completely 
recovered. Strength and voluntary control gradually returned the left extremities. 
Several days after the operation Babinski’s sign became elicitable and the tendon 
reflexes became hyperactive the left extremities. the second post-operative day 
mild parkinsonian tremor appeared the right extremities and was still present when 
was discharged from the hospital September 17, 1953. time following 
the operation was any tremor observed the left extremities. 

was last seen and examined November 10, 1956, over three years after the 
operation. stated that his condition had grown progressively worse, especially 
the preceding six months. The tremor, present only the right side, had grown more 
intense. said that immediately after the operation could carry bucket water 
and lift table with his left hand but that could not now. 
walked scraped his left foot the floor. The left arm hung his side and did not 
swing. There was constant mild flexion deformity the left metacarpo-phalangeal 
joints. His face was expressionless and there was generalized paucity movement. 
There was slight parkinsonian tremor the right hand. tremor was observed 
any time the left upper either lower extremity. Strength the left upper 
extremity was fairly good. His left grasp was about per cent strong that 
the right. able flex all fingers together but could not move any one 
independently. Strength the left lower extremity was good. could move his 
left ankle and toes but these movements were slower and less extensive than those 
the right. All tendon reflexes were moderately hyperactive the left side. Babinski’s 
sign could not elicited either side. 


COMMENT 


this case section that portion the right cerebral peduncle 
containing the portion the corticospinal fibres arising the precentral 
region has been followed complete abolition parkinsonian tremor 
from the left extremities which has persisted for over three years. This 
operation has also been followed the appearance mild tremor 
the right upper extremity. This probably due nothing more than the 
usual progress the disease. interesting, however, that once 
observed ipsilateral parkinsonian tremor develop the operating 
table Dr. Jefferson Browder divided the internal capsule for contra- 
lateral tremor. 

Section the central half the peduncle has been associated with little 
any increase weakness loss usefulness the left extremities. 
However, the tendon reflexes are now definitely hyperactive the left 
side. Babinski’s sign, which was present shortly after the operation, was 
not elicited during the recent examination. interest that retains 
strong and useful movements the left hand, fingers, ankle, foot and toes. 


Case 4.—A. M., 33-year-old right-handed white female, was referred Dr. 
Liebert. She was admitted the Chicago Wesley Memorial Hospital January 
1956. 

Her illness began when she was about years old with numbness her lower 
extremities. Thereafter various symptoms had come and gone. They included one 
time another, diplopia, impaired visual acuity, first one eye and then the other, 
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dysarthria, urinary incontinence, paralysis and her legs, and violent 
abnormal involuntary movements her arms. These movements became constant 
and severe that she had lie her-hands control them. During the year prior 
her admission she was unable feed care for herself. Finally, oscillatory 
tremor her head appeared. 

Examination revealed amazingly pleasant, co-operative young woman. Vision 
was grossly impaired bilaterally. She could only read large print. She had nystagmus 
looking all directions. There was intermittent tremor her head. Sensibility 
tested pin-prick, with cotton, and vibrating tuning fork, was decreased over 
the lower extremities, but reliable level could elicited. Position sense was severely 
impaired the lower extemities. the upper extremities gross voluntary movements 
were possible but the involuntary movements were violent that the patient could 
make useful movements. The lower extremities were held flexed, adducted 
position and except for feeble movements the toes volitional movements were 
possible. The muscular spasticity was greater the left leg than the right. The 
abnormal movements the arms were constantly present whenever she was awake. 
They were more marked the left side and were wild, purposeless, non-rhythmical, 
bizarre movements, which involved all joints. She was unable control these and 
flung her left upper extremity about violently, often striking herself the face, 
that she would injure both her hand and her face unless the extremity was restrained. 
was not possible satisfactorily examine the tendon reflexes because the wild 
movements the upper extremities and the contractures the lower ones. There 
was elicitable clonus the right ankle. The abdominal reflexes were absent and 
Babinski’s sign was present bilaterally. 

Various laboratory investigations were made, including examination the spinal 
fluid, without revealing any significantly abnormal findings. 

January 14, 1956, the right cerebral peduncle was exposed. was 
stimulated with unipolar needle electrode using cycle sine wave current 
1-5 volts. Stimulation the lateral fourth and medial sixth the peduncle produced 
detectable effect. Vigorous movements the left hand could produced 
stimulation the medial part the excitable portion and movements the left 
toes from the lateral part. Occasionally slight movements the left leg were elicited, 
often simultaneously with movements the left hand. The excitable portion the 
peduncle was incised depth mm. The incision measured mm. length. 
The medial and lateral fourths the peduncle were spared (fig. 5). 

Post-operative awakening from the anesthesia there were abnormal 
involuntary movements but those the right upper extremity returned within twenty- 
four hours. The tremor the head was also present. Immediately after the operation 
she had complete left-sided paralysis but within forty-eight hours she could move 
her left upper extremity all joints—shoulder, elbow, wrist, and fingers—and with 
fairly good strength. The wild, flinging, involuntary movements were absent from 
the left upper extremity but she had definite intention tremor. The lower extremity 
was much had been before the operation. 

her third day she vomited and aspirated considerable vomitus. 
tracheotomy was made but for several days she was critically ill. However, she 
improved slowly and was discharged February 11, twenty-eight days after the 
operation. that time there were involuntary movements the left upper 
extremity rest but the intention tremor was still present with voluntary movements. 
Since then her condition has improved. Considering her pre-operative condition she 
has considerable motor power and control. She can move the left upper extremity 
all joints from the shoulder the fingers. These movements are not strong, however. 
She uses the extremity very little because the intention tremor interferes. When last 
seen October 1956, she could raise her left hand her head, extend her arm 
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before her, flex and extend the elbow and move the wrist and all fingers, both together 
and independently. There was spasticity the left arm. There were 
involuntary movements the left side when the arm was rest and only mild 
intention tremor with voluntary movements. The right upper extremity unchanged 
from its preoperative condition. The left lower extremity which was more spastic 
than the right prior operation now less so. She able chair for 


considerable periods each day. 


COMMENT 

view this patient’s severe disability prior the operation not 
possible assess the results far normal motor function concerned. 
However, one cannot but impressed with the recovery voluntary 
control the arm. Again important note the recovery useful 
movement the digits the hand. Their recovery great that 
any other part the extremity. also noteworthy, Case that 
there has been increase spasticity result dividing the cortico- 
spinal fibres the cerebral peduncle. 

the greatest importance note that these observations not 
stand alone. Walker (1955) has sectioned the cerebral peduncle 
patients. The extent the section has varied, the middle third the 
lateral half the lateral two-thirds the lateral four-fifths and 
hemiparesis (one whom the lateral four-fifths and one with the lateral 
half sectioned), developed hemiparesis (lateral two-thirds 
sectioned), had hemiparesis and were practically normal 
(lateral two-thirds and lateral one-half sectioned). Meyers (1956) has 
sectioned the the cerebral peduncle, either 
one both sides, patients. These patients did not lose all 
voluntary control their skeletal musculature even when the operation 
was performed bilaterally. However, all Meyers’ patients suffered 
from severe generalized hyperkinesias and impairment control 
the skeletal musculature severe degree such that practical sense 
all patients were quadriplegic” prior the operation, they were hardly 
suitable subjects for determining the degree control the skeletal 
musculature the corticospinal fibres the cerebral peduncle were 
the patients operated upon Walker, White and me. 


DISCUSSION 


These observations the results severing the cerebral peduncle are 
revolutionary. They leave little doubt but that destruction the cortico- 
spinal fibres arising the precentral gyrus does not result spastic 
paralysis the contralateral extremities. There spasticity, little 
increase tendon reflexes, but Babinski’s sign does 

the reliability the sign Babinski indicator the interruption the 


has been questioned. Boshes examined large series paraplegics 
(Continued opposite page) 
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contrast with the deficit which Tower (1949) found after sectioning medul- 
lary pyramids monkeys and cats, even discrete usage the 
musculature, especially the digits” not lost. the other hand, 
cannot said that these patients are entirely normal far control 
their skeletal musculature concerned, although Walker’s patients 
were nearly so. The point that our previous notions the functions 
the corticospinal fibres arising from the precentral gyrus are obviously 
serious error. These patients are not necessarily paralysed and have 
extensive, well co-ordinated, finely controlled movements their 
extremities, even the most distal parts. 


There are several points which must considered when attempt 
evaluate these observations the results pedunculotomy man. 
First, must remember that there definite evidence ipsilateral 
innervation from the precentral region. Holmes and Page May, Bucy 
and Fulton, well others, have demonstrated such ipsilateral innerva- 
tion monkeys, while Bates has presented definite evidence its existence 
man. However, the effects such ipsilateral innervation man are 
limited. undoubtedly accounts for much, perhaps all the recovery 
that takes place the extremities, particularly the lower ones, man 
following severe hemiplegia due destruction the internal capsule. 
such cases the ipsilateral innervation intact but the voluntary move- 
ments possible are very limited and not compared with those seen 
these patients (Cases and following section the peduncle. 
No, seems impossible that the recovery seen here can attributed 
ipsilateral innervation. Nor does appear likely that the cortico- 
spinal fibres parietal origin which assume the function the severed 
fibres from the precentral gyrus, because Walker’s cases the lateral 
well the central portions the cerebral peduncle were destroyed. Thus, 
reasonable assume that the corticospinal fibres from both the 
precentral gyrus and the parietal lobe were destroyed his cases. 


must also recognized that the defect produced destruction 
the pyramidal tract means indicative the entire normal 
functional activity that pathway. The situation which obtains here 
might compared that the renal system. remove one kidney 
practically nothing happens; renal functions much before. 
might erroneously conclude that the removed kidney had function, 
merely because the remaining kidney has assumed the entire load. 


with severe traumatic injury the spinal cord and found that some did not have 
Babinski’s sign. However, must not overlooked that interruption the cortico- 
spinal tract arising from the area the precentral gyrus (Fulton and Keller) 
merely permits the sign elicited. The actual elicitation the sign dependent 
upon the integrity the local reflex arc, the musculature and the bony articulations 
concerned. The inability evoke the sign Babinski even when the proper cortico- 
spinal fibres have been interrupted may the result peripheral alterations. 
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Similarly the other descending pathways may assume many the functions 
the destroyed corticospinal fibres from the precentral gyrus. other 
words the functioning “Pyramidal may responsible under 
normal circumstances for many more activities than those which 
disappear when cut. 

obvious that large measure have succeeded here only 
pointing out what not know and underlining what thought 
knew that not so. What must now have complete under- 
standing the structure and function the neural mechanism which 
controls the activity the skeletal musculature. The recent experiments 
Travis and Woolsey which they have shown that they can remove 
all the neocortex from both cerebral hemispheres monkey and still 
have animal able sit and walk alone, albeit poorly and awkwardly, 
further evidence our basic needs this respect. must also borne 
mind that the discussion presented here have taken cognizance 
the secondary motor areas discovered Sugar, Chusid, and French, 
Woolsey and associates, and Penfield and Welch. consideration 
the neural mechanism responsible for the control skeletal muscular 
activity will complete does not include these. important that 
recognize our ignorance and that completely reinvestigate this 
entire matter. 

beginning this process must discard not only old, erroneous 
ideas but old, antiquated terminology. must recognize that there 
such single entity the Instead there are fibres 
extending from the cerebrum the spinal cord which are diverse 
origins and probably with diverse terminations and functions. Not only 
are the origins many these fibres diverse but that approximately 
per cent them unknown. obvious that can longer 
speak Syndrome.” The symptom complex spastic 
paralysis without atrophy, with hyperactive tendon reflexes, absent 
abdominal reflexes and the sign Babinski simply does not arise when 
the pyramids are sectioned and certainly does not result from interruption 
those corticospinal fibres which arise from the precentral gyrus and 
pass downward through the cerebral peduncle. 

What then the extrapyramidal system? find even worse 
confusion. This consists great mixture fibres with 
multitude origins, courses, terminations and functions. They have 
unity apart from the negative one that they are not part the pyramidal 
system. say the least, this distinction dubious value. 

The terms and “extrapyramidal” should discarded. 
The origin, course, termination and function all fibres having 
with the activity the skeletal muscular system must accurately 
described and defined. Then the whole this knowledge must inte- 
grated for one these fibre bundles functions alone. Each functions 
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collaboration with some the others and with the remainder the 
nervous system well. also obvious that this intricately 
co-ordinated maze the results the activity any one part may 
vastly different any one time from what may under other circum- 
stances. This simple task. the present time complete 
understanding the neural mechanism responsible for muscular activity 
impossible. Whether will ever fully understood one cannot say. 
Complete definition and comprehension can achieved only continued 
painstaking investigation. And although experiments must continued 
laboratory animals, the investigations must extended to, and con- 
firmed, man himself they are valid for man and useful the 
recognition and treatment his diseases. 


SUMMARY 

The evidence which has been accumulating during the past quarter- 
century which indicates that our old and firmly entrenched ideas the 
“Pyramidal Tract” and “Pyramidal Syndrome” are wrong briefly 
presented. Four cases, together with related cases from the literature, 
which various portions the cerebral peduncles have been sectioned 
are presented. These cases demonstrate that section the medial (fronto- 
pontine tract) and lateral (parieto-pontine fibres segments the cerebral 
peduncle largely without effect upon either normal abnormal activity 
the skeletal musculature. Section the central half the cerebral 
peduncle which contains the corticospinal fibres arising from the pre- 
gyrus has marked effect abolishing reducing abnormal 
involuntary movement. But such section does not produce the spastic 
paralysis with hyperactivity the tendon reflexes which past teachings 
would lead one expect. the contrary some these patients have 
nearly normal muscular activity and many are capable delicately 
controlled, well-co-ordinated, strong movements, even the individual 
digits the affected extremities. 

urged that the terms Tract,” Syndrome,” 
and “Extrapyramidal Tract discarded and that renewed 
effort made discover and define the neural mechanism responsible 
for the control skeletal muscular activity. 
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BRAIN MECHANISMS AND LOGIC 


The Psychological Laboratory, Cambridge 


aim this discussion note analyse the aspects 
certain arguments put forward members the recent symposium 
Brain Mechanisms and Consciousness published the book that name. 
One the participants there says: task psychology here 
sort out the facts experience from the logical fallacies metaphysical 
speculation.” (Lashley, 425). will therefore conduct this analysis with 
this point mind. 

whose important paper comes early the proceedings, 
identifies consciousness with the totality experiential events forming 
whole with parts. states: 

introspective observation reveals both the multiplicity and the unity our 
states consciousness, that are experienced “‘wholes” well their ever- 
changing diversity (200). 

continues: Psychologists are generally agreed that integration the major 
feature consciousness, the principle the hierarchy its levels, and perhaps even 
action, not entity but event, taking place certain complicated organisms, 
and whose essential characteristic (201). 

Fessard finds two sources confusion over the use the word 
consciousness: 1.11. The first the identification consciousness with 
mind, term which better used designate more general concept, 
corresponding class relational activities suppose occur within 
the brain where they prepare, initiate and control the most complicated 
forms behaviour, those cannot explain terms reflexes auto- 
matisms. call them (201). Now there doubt that there 
are such activities the brain and can call these mental like, 
but are identify these cerebral events with those events 
available direct experience introspection that are also commonly 
called mental—in fact cannot make this identification (see below). 
use the word mental both these senses once are going run into 
trouble. better not use the term all, for can get 
quite well without it: can conduct our analysis perfectly well using 
only the concepts cerebral events and experiential events. Fessard 


work was conducted during the tenure Nuffield Fellowship Medicine. 
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continues, quoting Stanley Cobb: James, Bertrand Russell and 
Carnap maintained that patterns relations are all that can called 
mind.” the integration itself, the relationship one functioning part 
another, which mind and which causes the phenomenon con- 
here may running into the danger reifying 
the abstract term “integration,” for misleading suggest that the 
denotation abstract term such can cause phenomena 
even those consciousness—when really mean that certain integrated 
activities the nervous system cause the phenomena consciousness, 
using cause here practically synonym for “constitute.” any Case 
the the phenomena consciousness” ambiguous. 
may held mean certain types complex behaviour,” which 
concept logically amenable explanation and development terms 
the latest automatisms, classification mechanisms (Uttley, 1955), etc. 
the other hand, take Fessard’s earlier meaning consciousness 
“that which can come upon the central problem 
consciousness, i.e. what the nature the events that experience 
and what sense can say that our awareness these events caused 
complex activities the brain? have suggested (1956) there are 
three possible answers this problem. Experiential events can 
attributed with the properties that they appear have analytical 
introspection—i.e. the contents consciousness can identified with 
the sense-data Price and Russell, with images, thoughts and affects. 
The important topological and geometrical properties sense-data (and 
images) listed Nicod (1930), Price (1956) and Smythies (1956) should 
not overlooked our discussions consciousness. The introduction 
the sense-datum terminology into neurology Brain (1951) marks 
most important advance, for enables give precise reference 
the elements experience. These had previously been 
neurologists with terms, which failed emphasize their concrete spatial 
and organized nature, such experience” (Fessard, 216); the 
“inner world consciousness” (Hebb, 403); phenomenal world” 
(Hebb, 405); content (Lashley, 425); “‘the facts 
experience” (Lashley, 425); “the multiple phenomenology varied 
conscious states” (Kubie, 446); intregation” (Fessard, 202): 
and thus last can adequately specify consciousness and its contents 
and this essential preliminary relating consciousness and brain 
mechanisms. Otherwise may never reach the core the problem all. 
“Experienced term particular interest further case 
reified abstraction. For not experience just 
experience integrated sensory fields sense-data. Once this realized 
can then look for two classes neural events, those (class 
that underlie the organization the sensory fields and those (class 
that underlie our ability experience these fields. can now formulate 
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the three possible answers what called above the central problem 
consciousness: (i) can identify experiential events with neural events; 
(ii) can differentiate between experiential events and neural events; 
and lastly (iii) can deny that there are any objects introspection 
experiential events the more radical forms behaviourism. Now 
Brain (1951), Sperry (1952) and Smythies (1956) have argued that answer 
theory psychoneural identity—is untenable. But either the 
two other theories can developed into logically consistent and scienti- 
fically adequate (in the present state our knowledge) accounts 
perception, mind, control behaviour, etc.; but must not muddle the 
two accounts. Thus (iii) the phrase the phenomena con- 
sciousness” must interpreted certain complex forms 
under (ii) may interpreted (if specify advance 
that are going adhere the behavioural common medical use 
may also interpret meaning “‘cause certain 
specify advance that are going use the introspective sense 
consciousness). should noted that (iii) does not allow take 
account introspection but (ii) does not preclude from talking about 
conscious behaviour—so long again not confuse the two uses. 

1.12. Fessard gives the second instance the confused way which 
the word consciousness used its identification with one the most 
elaborated appearances consciousness, the Self Ego the psycho- 
analysts. further source confusion here that the analysts not 
use the concept ego the same way some philosophers do, i.e. not 
the sense Pure Ego. 

next (203-206) tries account for his “experienced 
integration” which says generally accompanies the most complicated 
and integrated mental operations (203). states broadly that there are 
two possibilities: (i) either (experienced integration) intrinsic 
property specific spatio-temporal pattern neuronal activity (204), 
extra-physical world (Eccles, 1953). makes these three further points: 
there can locus for abstract logical construction such 
integration (compare contractility) except the broadest sense (e.g. 
contractility resides contractile tissue; although not the same way 
that reside houses); should look for “‘a locus for those 
processes which the brain appear essential, but not necessarily 
sufficient for the special kind integration have called one 
today would deny that there nervous substratum for the brain” 
stratum” here); and (c) what would nonsense would 
speculate about property without trying refer substratum, i.e. 
the bundle all the other properties with which the one considered 
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maintains strong bonds: or, other words, speculate, about property 
isolated from its physical correlates 

Let review the position. have one substratum—a brain—in 
which events occur demonstrably high degree internal intrinsic 
integration. These events are similarly demonstrably necessary, but not 
necessarily sufficient, for the human being concerned experience events 
the ordinary manner. Now the crucial problem the relation between 
these brain events and the events which are thus experienced. The events 
which experience are ordered sensory fields which possess high 
degree intrinsic integration (organization, order). Yet these events and 
this organization are identified many people including members the 
symposium, albeit tacitly under the influence their 
beliefs about perception codified philosophers realism,” 
with the external physical events the beginnings particular causal 
chains perception. Whereas, Brain (1951) and many others, including 
members the symposium, have pointed out, the events that experi- 
ence come the end the causal chain perception and cannot therefore 
identified with those physical events that occur the beginning this 
chain that they are confused with naive realists. Jasper implies this 
point when says (440) “The machinery the process [of sensory 
perception] not conscious. Only the product the multiple activities 
these networks enters our awareness.” Thus important realize 
that experience sensory fields composed integrated sense-data and 
can most profitably discuss our problem terms the possible relations 
between sense-data the one hand and neural events the brain the 
other. Fessard seems have fallen into the same error which has 
warned about. trying consider the relation between one 
abstraction from the sensory: fields—their integration—apart from their 
other properties—notably their spatial and topological ones. Since is, 
Fessard rightly points out, nonsense speak integration without 
specifying what that integrated, all theories mind-brain 
relation have seemed nonsensical, since they seemed require just 
this sort account pure However the 
proper alternative theory radical behaviourism one which recognizes 
that directly experience not pure nor physical objects, 
but sensory fields integrated sense-data. Thus the content experi- 
ence are not dealing with abstractions such but with 
“this most concrete all concrete events that the arousal 
perception” (Fessard, 205), that with the complex, concrete and 
organized sensory fields contiguous sense-data. 

Two further arguments presented this symposium are need 
analysis, Hebb’s given page 403 and following and Lashley’s pages 

2.1. these pages Hebb correctly distinguishes the two common 
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uses (i) designate the responsiveness the normal 
waking animal, and (ii) referring something inside which thought 
causal agent. With regard the second usage says 
common sense, consciousness primary fact existence, part the 
initial data from which thought begins one knows the inner world 
consciousness (403). then proceeds attack this common- 
sense account the following grounds. Observation fallible and 
preconceptions can blind observer. The only evidence consciousness 
is, claims, the unreliable evidence introspection. For 
some time, psychologists have had abandon introspection crucial 
argument. The test any theory what the subject does introspective 
evidence dangerous tool handle carelessly, theory must rest 
mainly foundation observable There appear, however, 
some logical defects this argument. true that introspection 
has, for certain purposes, been shown unreliable, but unreliable 
such way not affect the common-sense belief that are 
directly acquainted with our own states consciousness or, Russellian 
language, with our own sensory fields sense-data. Introspection 
unreliable over matters detail; for example difficult certain 
about the exact sequence colour changes particular series after- 
sensations, about the details tachistoscopic experience, 
memory-images not have such-and-such characteristics. But can 
introspection unreliable over the relevant question whether have 
any experiences all and the general features our sensations 
(sense-data)? For instance, unreasonable doubt that after- 
sensations undergo colour changes some kind, that have 
sensory experiences with determinable characteristics, that have 
memory-images some kind. any case the claim that introspective 
evidence unreliable cannot logically used argument designed 
show that are not directly acquainted with our own states mind 
with our own sensations—which the thesis that Hebb advancing. For 
say that certain evidence unreliable logically presupposes that there 
could some reliable evidence for the state affairs question. Let 
suppose that the statement after-sensation 
unreliable. The unreliability this statement could lie the fact that 
the after-sensation was really blue-green. But clearly are still describing 
states entity observable the person concerned, i.e. his own private 
world consciousness. However the statement observing after- 
sensation” can another way and that its logic 
naively assumed necessarily the same material-object-observation 
sense-data are some kind entity. But here should say that intro- 
spective reports were not unreliable but systematically misleading for all 
the reasons that contemporary philosophers have brought against the 
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sense-datum account perception. other words introspective state- 
ments may held not statements about private entities but 
represent particular ways stating facts about physical objects, 
propensities behaviour, etc. But this claim only one particular 
metaphysical theory which are way bound accept—as are 
forced accept Hebb’s empirical, but turns out irrelevant, axiom 
that introspection (occasionally) unreliable. 

Hebb’s further claims (that psychologists have had abandon 
introspection crucial argument and that theory must rest mainly 
foundation observable behaviour) reflect working rules made 
psychologists currently interested animal behaviour, and they are 
surely not irrefutable basic principles, nor empirical discoveries about 
consciousness. Introspection poor source evidence about the 
causation our own behaviour—our motives for act are not always 
what they seem be!—but this cannot used basis for the 
assertion that introspection can give information about anything: 
all depends what the argument about and what the evidence 
supposed evidence for. Introspection can claimed the only 
source information about the nature our own sensations, images and 
thoughts. 

next argument that cannot explain how nervous 
impulses can translated into mental experience and that the barrier 
here logical one, viz. (i) phenomenal world (of brightness, 
colour, sound, sweetness, pain) the starting-point thought, its ultimate 
(ii) can choose other starting points (e.g. one physical 
entities); “but when try have two starting points ask for 
trouble” process reducing one set ideas 
another; evident that such series reductions must have end- 
make the world experience the ultimate reality and then try explain 
set nerve impulses, simply because this logical (405). 

Hebb earlier made the claim that our introspective evidence for the 
existence the phenomenal world unreliable render suspect 
the very supposition that there such world; this claim inconsistent 
with the further claim that not only “intellectually respectable” 
assume the existence the inner world, but, moreover, that this world 
the starting point thought. But can reply the argument given 
above follows: relating the phenomenal world (A) the physical 
world (B) not have reduce statements about (Hebb’s 
statements about (in the phenomenalist sense “‘reduction’’); 
have only postulate logically possible relationships between the 
elements experience (sense-data and images), which make the 
phenomenal world each individual, and the nerve impulses his brain; 
and this not necessarily the same thing relating statements about 
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statements about Scientific explanation may described the 
demonstration how statements one level the positivistic hierarchy (i.e. 
natural history, physiology, chemistry, physics) may developed 
means statements higher level. Thus reduce the statements 
physiology those chemistry. But the reason cannot reduce the 
statements chemistry those physiology that the resulting state- 
ments would give scientifically unacceptable teleological statements (e.g. 
“The animal’s muscles use glucose because running and not 
logically false self-contradictory ones. Furthermore the relations 
between phenomenal world and the physical world are not necessarily 
analogous those between the different levels the positivistic 
hierarchy; they may more like those holding one level between its 
members. any case there are three quite respectable and one less 
respectable way saying how nervous impulses can related mental 
experience: (i) they may logically identical; they may disparate 
and bear causal relations the one the other; and (iii) the occurrence 
experiences” can denied radical behaviourism; and (iv) 
the occurrence events outside the field direct experience can denied 
solipsism. 


Thus summarize: can answer this argument Hebb’s saying 
that can describe (A) set, sets, phenomenal events and (B) set 
physical events, and then can lay out set logically possible 
relations between them, e.g. relations identity and non-identity, class- 
membership, and spatial, temporal and causal relations—without being 
forced use the logical framework the positivistic hierarchy (in Hebb’s 
sense and without trying reduce statements about 
those about (in the phenomenalist’s sense 


Two Lashley’s arguments need analysis run follows: 


3.1. (i) There never any awareness the highly complex integrative 
activity the brain while progress. perceived items are 
always the product preceding and complex integrative 
every case, that which are aware organized structure; 
the organizing never experienced (424). (ii) higher level integration 
traces the lower level elements are lost. (Lashley’s example that 
the all-or-none response the nerve cell which traces the particular 
synaptic potentials that fired the cell cannot found.) (iii) Therefore such 
system (of summated excitations described (ii)) fulfils all the 
discoverable requirements the subject-object relation. However, there 
seem two fallacies this argument. The first that 
does not then follow that a=c nor that The second fallacy that 
the relation given the first premiss (i) not the subject-object relation 
all, but the relation earlier events the physiological causal 
chain perception (x) the final product this chain—the phenomenal 
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events our consciousness. This surely different relation the 
relation between the subject (Pure Ego) and the sensory fields (z) (the 
objects the subject’s awareness) because the subject-object relation 
either not causal causal. not causal cannot represented 
premiss (i) which specifically causal relation. causal then 
this part the causal chain must ordered which case 
for all will temporally prior the and fortiori the 
they are causally related to. Notice, however, that Lashley premiss (i) 
formulating the representative theory perception and this, have 
suggested elsewhere (1956), does entail that the representative mechanisms 
structure” which are directly aware. Notice further the priori 
statement which this argument Lashley’s based: process 
which will account for the characteristics the content experience 
fulfils all the requirements the process (424). However, 
the meaning some the terms used here (particularly 
and not elaborated nor are any reasons given for accepting this 
statement. 


Lashley’s second argument runs follows: (i) Sensory qualities 
possess only two characteristics—they are recognizable and are irreducibly 
different. (ii) These are exactly the characteristics summated excitations. 
(iii) Therefore this sequences activity” (or summated 
excitations) “‘also accounts for the only known characteristics sensory 
doubtful sensory qualities have only these 
two characteristics. The secondary qualities sensations (from which 
Lashley’s example drawn) may have, but the primary qualities 
sensations surely include their basic characteristics spatiality and 
temporality. And the particular spatio-temporal relations which sense- 
data bear each other any perception are different, Brain (1951) 
has pointed out, the particular spatio-temporal relations between 
elements the neural events concerned this perception. Thus Lashley 
should not claim, does, that means identify sensory qualities 
with summated excitations through the principle the identity indis- 
cernibles (if they have exactly the same characteristics they must 
identical), for they have different spatio-temporal structures and different 
spatial locations—in perceptual space and physical space respectively. 
Secondly these two characteristics are clearly not the only known 
characteristics summated excitations—they have all sorts physical 
excitations well—yet the sensory qualities are said Lashley lack 
these (for they are said him have only these two characteristics). 
Therefore the summated excitations and the sensory qualities cannot 
identical, for one has qualities the other lacks, and therefore they must 


related some other way than identity. 
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SIR CHARLES SHERRINGTON, POET AND 


WILDER PENFIELD 
The Neurological Institute, Montreal 


CHARLES SHERRINGTON would have been 100 years old this year 
had lived. 

Others have memorialized him physiologist (Adrian, 1952; Denny- 
Brown, 1939; Fulton, 1952; Granit, 1952; Liddell, 1952; Penfield, 1952). 
shall describe the man knew him and revealed his writings 
late life: the sensitive schoolboy, sturdy athlete, traveller, lover 
art, investigator, teacher, scholar, raconteur, many-sided genius— 
Sir Charles Sherrington, Physiologist, Philosopher, Poet. 

Let begin with Sherrington the poet, for through his little book 
verse (Sherrington, 1925) that one may see this modest man most 
clearly. poet alive hidden meanings, mystery and romance 
well the facts life, regardless how much may publish. 
suppose still poet writes nothing for others. remarkable 
that his book poems appeared first the age 68! And yet 
had always been poet. fairest thoughts,” wrote, “are still 
the thoughts unspoken.” 

His poems sparkle with imperishable phrases; phrases that must have 
formed his mind, polished and set aside from time time 
growing treasure. last, seems, took them out and, stringing them 
together, made necklaces bizarre composition. The gems thought 
sparkle with rare beauty, although the poetic chain which they hang 
sometimes made strange metals. 

fancy that when left his busy laboratory sunny spring day 
and cycled home, walked evening Oxford, looked from his 
window dawn London Liverpool, that his thoughts were often 
the thoughts poet rather than those philosopher physiologist: 

“Look the stars, yet look not there too long, 

they have them where the soul can drown.” 
What horizon must have seen from his many-windowed mind! 
must have learned the secret concentration, well inhibition, when 


many prospects tempted him: 


1This address was delivered part the meeting The Canadian Neurological 
Society, organized Allan Bailey and William Feindel, Saskatoon, June 14, 
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song was that old the Syrens sang, 
the song the wise Ulysses would not hear, 
gripping his helm-oar steady spear, 
watching his bellied wind-sheet lest hang! 


then are they who shun the Syren’s cry, 
—ah, wiser yet who follow till they 

Oxford, Lady Sherrington rented punt for the season the 
near-by river. They loved the hidden reaches the Cherwell and the 
Isis, those streams that wander through the meadows, and finally flow 
together father the Thames. They often punted there pleasant 
summer evenings and “Carr,” the son, went with them when was 
small. And so, with picnic baskets, they would slip away along the 
lazy drifting waterways, watching the beauty, breathing the fragrance, 
listening the soft swish the whispering banks and, high the blue 
above, the song the lark. The ancient tower the church must 
have looked down them, more than once, they slipped past beneath 
the willows. 

1916 wrote: 

passed beside the Norman church, 
above sang the vesper bell, 
the grey place smiled with nun’s joys 
dropped beads o’ertell. 
Such old enchantment boy’s 
when life first whispers use 


Lovely fancies—the sound vesper bell, nun’s boy’s enchantment 
life first whispers use His scientific writing and lecturing 
was little like that too, precious thoughts close succession that 
was sometimes difficult for the untutored listener follow. 

the laboratory did not talk the thoughts that must have 
crowded upon him, pedalling home Chadlington Road for lunch. 
But listen these lines, entitled 


noon’s full, when the crowned summer day 
finger lip, holds silent field and bower 
though the sun hawk were making cower 
watched things beneath, though men should say 
‘Hist, jewelled Borgia!’ Ah, no; oh, nay; 
not fear’s spell, love’s; hush the bee-clung 
the hand-clasped silence lover’s hour 
wordless lest word tear lips from lips away. 


For this same tryst, ay, for other cause 

dawn left darkness the up-climbing Sun, 

he, this reached, love fain, with charmed pause, 

ere deathward down his golden journey run, 

kiss Earth the fair, and kiss her till she swoon, 

while, that she wake not, Pan’s mouth pipes not; 
Noon!” 
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Some those phrases are unforgettable: day finger 
the bee-clung lest word tear lips from lips 
“kiss her till she swoon”; and mouth pipes not; Noon!” 

The longest his poems, called the Assaying Brabantius, was 
written about the time his son was married and sailed away America 
where accepted teaching post Cornell University. Thoughts that 
had with this sad parting peep out every page the poem. 
analyses the relationship father and son and justifies their separa- 
tion, though sorrowfully, when love comes into the son’s life, and bids 
him turn his own work the world. Take this stanza: 


“Then son, though love enweave thee 
and bitter though part 
from the most loved, yet never mine 
thy life is, neither thine: 
lamp the which was lit 
that many profit light from it. 

This lust youth’s dear discontent 
that stirs within thee, were meant 
lead thee forth and, men should, 
learning God’s wisdom make good. 
Dear blithe-voiced helper, ev’n now 


Then wrote: 
saw the shepherd the sheep; 
and winding him the steep 
fair-limbed girl, blithe broken from mist 
reaching his vantage, the two kissed, 
then sat, their wallet string untied 
facing the viewed world side 
Finally this verse: 
entering the city gate, 
found the loud street passionate 
with meanings new, and from men’s eyes 
read trulier humbler wise, 
wider ambit understood 
the poignancy ill and good.” 


had been married Ethel Wright Preston, Suffolk, 1891, 
when was years old. She was high-spirited girl, great enthusiast 
for sport, good companion. Love finds ample reference his poetic 
writings: 

“Loving more than living, more than beloved.” 

And again wrote poem entitled, love were all then well 

what were love toil were, 


and what were life without the sea, 
sheet unbent, tall mast bare, 
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spice-freight rotting top the quay? 
Then hoist the sail, and sink the shore, 
let for love its meed anon, 

but first for the stormed sea-floor, 
salt winds behind, salt waves before, 
salt planks foot upon.” 


One may surmise that loneliness, following the death Ethel, 
prompted the following verses: 


thrush, and there was once day 


she heard you o’er the garden sing, 
and, looking from where she lay, 
said glad the Spring.’ 
And now the spring, and springs be, 
and all the springs that ever were, 
discourse her music uselessly, 
for ever nothing shall she 


not true that his mind had many compartments. Rather one 
should say that this was man who could open the windows his soul 
one way, another, and serve the causes separate masters faithfully. 

When was engaged research, scientist was ever less poet. 
the laboratory observed and pondered the facts before him and 
tested them, doubting till the answer was clear. did not leap 
unproven conclusions nor give scope poetic intuition there. When 
turned philosophy, reason was his guide. Facts were facts and 
rationalizations well considered. 


And yet this cautious philosopher, this careful scientist, could leave 


the laboratory and, standing alone the shadows his much loved 
Oxford, throw open another window confront the very Priest 


Beauty! 


“The night fallen and still thou speakst me, 
what though with one voice sole, with accents many, 
tongue turret and tongued stream, tracked pasture fenny, 
and cloister spirit trod, and centuried tree, 


now, below, through shadows starr’ed, boat 
steals laden with singing and young laughter, 
and, higher, wide-flung casement casts afloat 
pulses waltz the which white robes sway after; 
vowed Priest Beauty, these thy shrines among, 
thou kneelst with old folk, thou that dancest with young.” 


fortunate for that accepted invitation give the Silliman 
Memorial lectures Yale 1904, annual course lectures 
according the terms the bequest, “‘to illustrate the presence and the 
providence, the wisdom and goodness God, manifested the 
natural and moral fortunate for us, particularly, because 
accepted the accompanying demand publication. 
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Considering the terms the bequest might well have written 
philosophical treatise. But, instead, the Integrative Action the 
Nervous System which resulted was model reasoned biological 
science. When the Physiological Society republished it, forty-one years 
later, Samson Wright wrote the editorial note that their purpose was 
make live again that might read all students physiology 
and re-read their teachers and mature investigators the 

1937 when accepted the Gifford Lectureship, wrote 
philosophical treatise, His Nature,” although the terms that 
lectureship were not very dissimilar those the Silliman Lecture. 
The charming little book Goethe (Sherrington, 1942) was the result 
request for publication when lectured Lady Margaret Hall, 
Oxford. The Biography Jean Fernel was, suppose, by-product 
his reading during the preparation his Gifford Lectures. What 
pity more demands were made his time, during this fertile 
octogenarian decade that followed retirement from physiology! 

What was that made Sherrington able turn from one field 
another with such brilliant achievement? Much the secret, certainly, 
found the history his boyhood and youth. man may 
become good linguist several languages has heard and used 
them the plastic period childhood. But man can achieve 
perfection any secondary language that first hears late life. 
way thinking, Sherrington’s career strong argument for the 
belief that broad schooling the humanities the best preliminary 
training for medical men for medical scientists. 

Charles’ father died when was youngster. doubt, the bond 
between son and was made doubly strong this misfortune. 
This borne out his poem and Son” written before she died. 

The family moved Ipswich and their home there, Edgehill House, 
was rendezvous for those interested Art, Archeology and Geology. 
The house was filled with excellent paintings, some which hang now 
the Gallery Norwich. 

grew older Charles became strong and expert athlete, playing 
soccer for the Town Ipswich and, later, rugger for St. Thomas’s 
Hospital. While Cambridge, rowed for his college, Caius, and 
other times found time for sailing. was pioneer winter sports 
and made occasional trips Grindelwald for that purpose until nearly 
years age. 

Cambridge studied physiology under Michael Foster who, 
use the words make the bones biological 
science live took the degree B.A. 1884 and two years 
later qualified medicine (M.B.Cambridge). began his research 


she was re-married soon Caleb Rose, good classical scholar 
and archeologist note,” 
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while undergraduate, working with Langley who was then setting out 
his own work the nervous system. 

When qualified medicine was years age. But there 
followed two years study abroad. went and 
investigate outbreaks cholera and, while 
found time for art well pathology. studied Germany under 
Virchow, Koch, Waldeyer, Zuntz. made several trips later 
study Strassbourg with Golz. returned from wander years 
begin his scientific career St. Thomas’s Hospital. became 
Fellow the Royal Society and Holt Professor Physiology 
Liverpool and, finally, Oxford 56. 

When Sherrington arrived Oxford, Osler was Regius Professor 
Medicine there. Both men collected books; Osler, big way, was 
gathering historical library which left McGill University; and 
Sherrington, smaller way, was collecting the books special interest 
him, some which gave the Medical Library the University 
British Columbia. 

William Francis, now Curator the Osler Library McGill, records 
amusing bookish misadventure. 1915, Sir Charles loaned Sir 
William one his rare possessions, acquired when was Caius 
College, first edition Homine. Sometime later, 
while visiting the Osler home, Sherrington saw his volume shelf 
and, taking down, unobserved, read the fly leaf, Osler’s hand, 
colleague Sherrington.” took out his pen and 
wrote above the Oslerian inscription: Osler per Car. 
William Osler from Charles Sherrington, and dated 
1917. Thus, with his Latin inscription, converted the intended 
loan into gift, without mentioning anyone. one knew until 
Francis came catalogue the Osler Library ten years later, long after 
Osler’s death. Sherrington then confessed his gift-by-stealth with 
twinkle his eye, and refused take back the once cherished possession. 

Throughout the world this year, many will look back the career 
this man, born London, November 27, 1857. clear that his 
physiological and philosophical teachings will live through the coming 
century but for most people Sherrington, the man, more than 
legend. Even those who have met him may well remember only that 
was shy man with small body and preoccupied manner; man 
oblivious his own great stature and reputation. 

For much more than legend. was teacher and 
still scientific hero. When went Oxford undergraduate 
met him for the first time. was years old then, quick-moving 
man medium height with small moustache and nose-glasses, who 
hurried along the corridors white coat, moved from table table 
while worked our How well remember him, 
peering, short-sighted, over embarrassed shoulder. His face was 
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smooth and almost expressionless, but watched for the faint smile and 
the twinkle humour and understanding his eyes. Penfield, 
you may right,” would say, “but, should have 

Then would pick the delicately pointed forceps and change the 
tissues the preparation set the youthful experimenter back 
“the right Sherrington seemed quite sincere the expectation 
that each student would teach him something, some time. 

lectured using copious headings and subheadings which 
chalked the board before the members the class assembled. 
presented with both sides each physiological problem, sometimes 
leaving his hearers state frustrated confusion. The under- 
graduate usually prefers brief and positive statements the “facts” made 
professor who hides his doubts beneath mantle shining authority. 
gives the student such sense security, especially regard 
examinations. 

later years, when returned Oxford for graduate study, and 
during recurrent visits with him through the long period his retirement, 
came appreciate the brilliant mind and the broad culture this 
modest seeker after the truth. Harvey Cushing was observer 
Sherrington’s work Liverpool for time, though never regular worker 
his laboratory. reported the Professor man hurry 
who wrote too much and had poor memory for many things including 
his curiously superficial misconception the part 
the great American neurosurgeon! 

would say from long acquaintance with him that Sherrington’s 
memory excelled that any man have ever known, for accuracy 
detail, whether employed the telling thrilling tales his adventurous 
youth, the recollection scientific detail. dinner the hall 
Magdalen College would discuss literature, history, art, life—according 
the wit and interest his companions and quietly excel every field. 

retired from the Chair Physiology Oxford 1936. According 
present university regulations, would have been forced retire 
65, was knighted that year, 1922, and received the Order 
Merit two years later. The scientific work the extra fourteen years 
was carried out with younger men, e.g. Liddell, Creed, Cooper, 
great value. Liddell, who succeeded him professor Oxford, has 
described that happy time busy and fruitful autumn scientific 
endeavour, which much his earlier work came full harvest.” 

During that period became President the Royal Society and 
Editor the Journal Physiology. travelled Harvard give the 
Dunham Lectures and honours came fast, capped the award the 
Nobel Prize which shared 1932 with Professor (now Lord) Adrian. 

But, although the scientific work this period was fulfilment his 
earlier research, there was beginning contribution other fields. 
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His collected poems appeared, first edition, under the title: ““Assaying 
Brabantius” 1925. turned philosophical thinking his 
Rede Lecture 1933. 

Following formal retirement was called upon immediately 
deliver the Gifford Lectures Edinburgh University, 1937-1938. 
According the terms that lectureship, was expected throw 
light what Lord Gifford had called Theology.” about 
the time retirement, have mentioned, seems have discovered 
Jean Fernel, French physiologist, whose philosophical thought was 
describe later book Endeavour Jean Fernel” (1946), 
venturing thus into biography. The Gifford Lectures appeared under 
the title, “Man His This book has proved popular 
with readers different disciplines everywhere. has actually come 
paper edition and, through it, into the hands multitude. 

Thus came about that Sir Charles Sherrington turned from cat and 
chimpanzee biologist became philosopher and approached 
the problem that lies forever between them. more exact, the 
biologist turned his attention the philosophical implications 
neurophysiology. addressed himself the mind-body relationship. 

the Gifford Lectures, considered first from historical point 
view. The era scientific enquiry into this field speculation began, 
said, with the work Galvani. Perhaps more accurate say 
that began Lucia Galvani told her husband that the frogs’ legs 
prepared for the meal seemed alive the copper Those words 
spoken Italian kitchen struck spark excited interest from the 
“prepared mind” Luigi Galvani. 

Soon was evident that nerves conducted energy muscles. This led 
directly discovery the astounding secrets electricity. was, 
Sherrington wrote, that electrical potentials travelling the 
fibres the nervous replaced the spirits the anima the 
understanding scientists, not the speech the man the street. 

time, and quote his words, looking its world had 
painfully, and not without some disillusions, arrived two concepts; the 
one, that energy which was adequate deal with all which was known 
knowledge, except mind. But between energy and mind science 
found ‘how’ give and take. There was co-existence; that was all. 
man’s understanding the world remained obstinately double.” 

1950, two years before Sherrington’s death, special meeting 
the U.S.S.R. Academy Sciences (1951), Ivan Pavlov was held 
leader the monist point view and his work conditioned reflexes 
cited proof the validity the philosophy materialism. 
Sherrington, the other hand, was viewed them the great dualist 
physiology. 

But both these men, their physiological work, had studied and 
recorded the phenomena Nature objectively, good scientists should. 
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They had analysed neurological mechanisms and recorded concomitant 
changes behaviour. wrong make them leaders adherents 
schools philosophical conviction. vastly premature point 
the work such men support the thinking Karl Marx 
proving disproving the religion Jesus Christ. 

physiology was realist, scientist seeking truth without bias. 
The conclusions his philosophical thinking and the question what his 
own religious faith may have been should never confused with his 
work scientist. 

One his distinguished American pupils, Stanley Cobb, hailed him 
only last year the outstanding proponent dualism after Socrates 
and Descartes (1957), meaning, suppose, that believed that the 
existence two separate elements, the body and spirit, was established. 

his Rede Lecture, had pondered this question. “It will long 
offer,” said, those who pursue it, the comfort that journey 
better than arrive; but that comfort assumes arrival. Some us— 
perhaps because are too old—or too young—think there may 
arrival last.” 

had faith, this old man who was forever young, that success would 
come physiology time, and understanding scientist and philosopher 
alike. But turned from the problem that neither could solve, see 
life with the eyes poet. 


“The night fallen and still thou speakst me, 
what though with one voice sole, with accents many, 
tongued turret and tongued stream, tracked pasture fenny 
and cloister spirit trod, and centuried tree.” 


Nature spoke him with many tongues and with accents many. 
understood her accents and could integrate them his thinking until 
seemed last comprehend the meaning life, the design the 
Creator. 
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ACOUSTIC NERVE TUMOURS 


The Early Diagnosis and Treatment Acoustic Nerve Tumours. LAWRENCE 
M.D., and PAvA, M.D. 1957. Charles Thomas, 
Springfield, Illinois, U.S.A., and Blackwell Scientific Publications. Price 
42s. 


The authors have produced comprehensive monograph the acoustic 
nerve tumours giving the fullest details regarding series 135 such tumours 
operated upon the Neurological Institute New York twelve-year period. 
The work excellent one, being brief but the point all respects. Whilst 
nothing original described methods diagnosis, investigation treatment, 
emphasis correctly laid upon the importance early diagnosis aid 
total excision, the increasingly good results obtained the individual neuro- 
surgeon gains experience and the importance tracheotomy post-operative 
measure. The authors regard nerve anastomosis, using the hypoglossal 


spinal accessory, the best method dealing with residual facial paralysis. 
Their results are impressive the low incidence post-operative trigeminal and 
cerebellar disturbance and mortality rate, but would regarded some 
disappointing the relatively low incidence total excision, cases, 
opposed subtotal excision, cases, the tumours. 


The book admirably produced and illustrated and the large number 
illustrative tables makes for easy understanding the text. 


SPINAL CORD COMPRESSION 


and Neurosurgery, New York Medical College, New York City. 1956. 
Pp. 147. illustrations. Blackwell Scientific Publications and Charles 
Thomas, Springfield, Ill. Price 57s. 6d. 


The author has adopted original approach the problem spinal cord 
compression and starts with careful experimental investigation cord com- 
pression animals and then compares his findings with those resulting from 
trauma and spinal tumours humans. 

The experimental methods used are ingenious. dogs small rubber balloon 
introduced into the spinal canal through laminectomy lower level, and 
then inflated hydraulically means polythene catheter, using thoratrast 
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the fluid medium that the position the balloon the canal can 
X-ray. 

Two series experiments are described. The first consists acute com 
pression, transection taking place within few minutes, means 
compressor unit sutured the animal’s skin. The second involves 
gradual compression, means motor, the time required for 
lying between minutes and hours. 

both series experiments once transection has been produced the pressure 
continued for fixed time and then the balloon deflated and the time 
onset recovery and its rate progression are noted. 

The author comes the conclusion that the abrogation cord conduction 
arises solely from mechanical distortion the fibres and not from ischemia and 
anoxia. Recovery function depends the interplay two factors, the 
magnitude the compressing force and the duration the compression. For 
instance acute experiments recovery occurs only the compression the 
largest size balloon does not exceed one minute, whereas when gradual com- 
pression over forty-eight hours used produce total paralysis, the compres- 
sion can maintained for seven days and recovery may still take place. 

transferring the experimental findings the human, the results are perhaps 
disappointing and there real addition our present knowledge. However, 
some interesting features arise from the author’s review patients who had 
suffered cord transection, particularly that from series patients with 
intradural tumours. Although they had sustained complete sensory and motor 
transection, confirmed several observers, for periods varying from five weeks 
twelve months, useful functional recovery occurred post-operatively 
less than out the 10, the one exception being the patient who had been 
paralysed for twelve months. 

The book well produced and illustrated and will read with interest all 
those who are called upon deal with the problems set compression of, and 


trauma to, the cord. 


VISUAL AGNOSIA 


Die zerebralen Herdstérungen bei Hinterhauptsverletzungen und ihre Beurteilung. 
Faust. 1955. Pp. viii-- figures, Stuttgart, Georg 
Thieme Verlag, Price 


The main theme this small monograph centres upon the problem 
whether optic agnosias are true gnostic defects merely special manifestations 
(Functionswandel) disturbed visual perception (as has recently been main- 
tained Bay and others). the strength personal experience the author 
decides favour the former interpretation. The methods used this 
investigation are listed the end; they include tachistoscope and film 

While this book does not claim comprehensive the subject 
optic agnosias, the author’s observations and differential-diagnostic comments 
will certainly value workers this field. 

MEYER. 


NOTICES RECENT PUBLICATIONS 


MODERN TRENDS 


Trends Neurology (2nd DENIS WILLIAMS, C.B.E., 
M.D., D.Sc., F.R.C.P., Neurologist, St. George’s Hospital, London; 
Physician, National Hospital, Queen Square, London; Civil Consultant 
the Royal Air Force. 1957. Pp. 350. figures. London: Butterworth 
and Company (Publishers) Ltd. Price 72s. 6d. 


the preface this book the editor says that each contributor ‘has been 
instructed assume high level knowledge his readers, review current 
work critically and concisely, and follow the trend his work far into the 
future scientific propriety will This, together with the selection 
the contributors, indicates the scope the book and Dr. Williams 
congratulated having achieved comprehensiveness which covers most the 
growing-points neurology interpreted the broadest sense include not 
only neurological medicine and surgery, but their basic sciences also. Where the 
standards the contributions generally are high the selection any single 
one for special mention likely reflect only the special interest the reviewer, 
but one reader least has found Dr. Lumsden’s description the subcellular 
world revealed tissue culture and the electron microscope, which 
myelin sheaths are rolled the the manner Swiss roll, 
exciting revelation. This book which will useful, not only students 
neurology, but all who practise and wish keep abreast with knowledge 


the various branches the subject. 
RUSSELL BRAIN. 
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